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1 INTRODUCTION 
Large scale long-term clinical investigations into oral health of children 
in relation to their educational and social environment are rare. Studies 
into the influence of attitudes and behavior on the multifactorial processes 
causing oral diseases are bound to yield a complex outcome which is difficult 
to interpret, unlike the experimental designs testing a clear-cut single-
factor influence, e.g. of a therapeutic dentifrice, often applied with 
unequivocal results. 
Carious lesions are caused by acid-forming bacteria which are activated 
to demineralize teeth by means of frequent intake of sugar-containing food 
and lack of careful oral hygiene. Similarly, periodontal lesions are the 
sequelae of a chronic gingivitis caused by differentiation of the gingival 
microflora, due to lack of oral hygiene. Therefore it can be stated that 
caries and periodontal disease, like other major public health problems in 
highly developed countries are to a large extent determined by individual and 
social behavior regarding personal hygiene and eating habits. Therefore, 
progress in prevention may be expected by improving of individual health-
related knowledge, attitudes, values and beliefs. 
Positive individual attitudes towards maintenance of health can only be 
formed in a continuous long-term learning process which should start as early 
as possible. In the late Sixties in the Netherlands the Minister of Health 
and the Minister of Education cooperated in a draft for new legislation on 
elementary school curricula including "promotion of health-directed behavior" 
as a field of education; at the same time they formed an interdisciplinary 
working group. This advisory Committee reported in 1972 (commissie Beyerman). 
The most important point in the report was the strong recommendation to 
integrate a program of health education in the elementary school curricula. 
The Health Authorities had very limited possibilities to promote the 
development further - they expected the Ministry of Education to take 
further initiatives, and vice versa. In the meantime, University and field 
research had become interested in the new perspectives. 
Historically, public dental health workers may be regarded as pioneers in 
the field of health promotion via school curricula. Both positive and 
negative results as well as experience gained in this area in Switzerland and 
The Netherlands have stimulated a multi-disciplinary research group at the 
University of Nijmegen, Institute of Preventive and Community Dentistry, in 
cooperation with the Hoogveld Institute of Didactics to start developing in 
1971 and testing a comprehensive, integrated general School Health Education 
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Program (SHEP; König, 1987). 
The areas taught teaching within the program were 1) nutrition, 2) 
physical activity, 3) personal health care, 4) dental health, 5) safety in 
traffic, 6) safety at home and at school, 7) making use of health informa-
tion, products and services, 8) environmental pollution. The content of these 
courses was based on an analysis of the problems in the present situation and 
on a conceptual approach to health education. The program was planned for 
children from age 4 to 12, and books as well as working material were 
produced for every school year. All topics were introduced within the first 
two years, and after introduction they were dealt with repeatedly on a 
higher level in later years. 
An important didactic principle in the design of the program was that 
health education was regarded as a teaching philosophy rather than teaching 
of pure facts in fields of knowledge essential for avoiding ill-health. 
Emphasis was put on development of a health-conscious general attitude of 
children, enabling them to understand effects and interactions, identify 
health risks and make decisions based on their general knowledge and their 
own individual situation (Saris et al., 1981). 
At the various stages of development of the programs, pre-testing and 
testing of the draft educational materials was necessary. Over the years more 
than 70 teachers at all elementary school levels participated in the testing, 
evaluation and improvement of the drafts. 
The original purpose of the present work was an assessment of the effects 
of this School Health Education Program (SHEP) on (oral) health. School age 
is considered late in terms of developnent of attitudes and eating habits, 
and many consider health education at school to become more effective in the 
following generation rather than for the individuals currently in the 
program. If effects were to become manifest, they could be expected to show 
in the short-term causation/recession of gingivitis and in the relatively 
short-term development of carious lesions, rather than in (long-term) 
manifestations of nutritional factors on general health. 
As a matter of fact, the results of the thesis by Ruiken on child behavior 
and dental caries (1983) as well as the thesis by Vogels on dental plaque and 
gingivitis (1983) as well as the present data and their analysis described in 
Chapter 4, already showed that intervention by SHEP did not induce distinct 
improvements of oral health in the test compared with the control group. 
Distinct intervention effects being absent, it seemed possible and justified 
to regard all children as a random sample which could be used for lon-
gitudinal assessment of oral parameters and patterns such as tooth eruption 
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and distribution of carious lesion. Moreover, the influence of confounding 
factors such as socio-economic status and sex could be studied. 
An appropriate precaution was careful analysis for possible intervention 
effects and selection, and subsequent correction where necessary. The results 
of these "spin-off" analyses, described in chapter 5, may be regarded as the 
main pieces of information of the large long-term study which, considering 
its original purpose, was not a complete success. 
2 MATERIALS AND METHODS 
2.1 Subjects 
2.1.1 Population and sampling 
In May 1977 the SHEP-project (School Health Education Program) started 
with selection of a sample and base-line examinations of children in 
elementary schools. A selection of 24 schools in and around the city of 
Nijmegen, which were willing to participate, was made with the help of the 
local school inspectorate on the following basis: 
- required distribution of low, middle, and high socio-economic class 
children (in and among schools); 
- expected flow of children from kindergarten to related or affiliated 
primary schools; 
- equal distribution between rural and urban population; 
- availability of "pairs" of two comparable schools; an experimental SHEP 
school and a control school were randomly selected within each pair; 
- both schools of a pair with SHEP and control programs respectively should 
have the same situation regarding the use of fluoride tablets; 
- interfering activities of the schools advisory service in Nijmegen had to 
be taken into account. 
In the course of sampling the Board of one control school refused to accept 
this "verdict" and insisted on becoming an experimental school, so that there 
were 13 experimental and 11 control schools. Pairs of schools (experimental 
and control school) were situated whenever possible in the same city/village. 
Another comparable city/village was only chosen when location in the same 
community was not possible. See Figures 2.1 and 2.2 for locations. 
At the start of the SHEP-project (1977) 1278 children were to take part in 
the study but, the set of data was incomplete in several ways (Table 2.1). 
Figure 2.1 Map of the Netherlands with rectangle where the SHEP-study took 
place. 
Table 2.1 Frequencies of participation and nonparticipation throughout the 
years. 0= not participating and 1= participating, (p): groups 
considered in analysis. 
Age in years Frequency Percent 
6 8 10 12 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 1 
1 1 
1 1 
Total 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
1 
0 
1 
0 
1 
0 
1 
0 
0 
0 
1 
(Ρ) 
(p) 
62 
22 
65 
112 
2 
33 
209 
195 
108 
46 
424 
1278 
4.9 
1.7 
5.1 
8.8 
0.1 
2.6 
16.4 
15.3 
8.4 
3.6 
33.1 
100.0 
5 
Control 
Experimental 
city village river 
Figure 2.2 Cities/villages where control and experimental schools were 
situated, villages numbered 1,2,3 denote pairs of schools in 
cases where control and experimental were in different loca-
tions. 
2.1.2 Population at the age of 14 
Because of the longitudinality of the present study a choice regarding the 
sample had to be taken based on participation in the examinations. At the 
start of the last examination there were 424 children (33.1%) to be con-
sidered. They participated in all four previous examinations (1977, 1979, 
1981, 1983). Because of the expected drop-out it was decided to also call 
upon the children (209) who did not attend the first examination at the age 
of six which added another 16.1 per cent. At the age of fourteen 633 children 
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were invited to participate in the 1985 examination. The segmentation of 
participation is to be found in Table 2.2. Even "participating" children 
happened to miss parts of the whole set of examinations which resulted in 
slightly deviant numbers between age 6 and 12. 
Table 2.2 Frequencies and percentages of participation and nonparticipation 
concentrated on age 14. 0 = not participating and 1 = participat-
ing. Participants and nonparticipants = percentages of considered 
(633) children which participated or not participated. 
Age in years Frequency Percent of Participants Non-
6 8 10 12 14 original 1278 participants 
children ( % ) ( % ) 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
0 
1 
93 
116 
159 
265 
7.3 
9.1 
12.4 
20.7 
18.3 
41.9 
14.7 
25.1 
Total 633 49.5 60.2 39.8 
Of the approached children 404 were willing to participate in this last 
examination. Because of sickness, truancy, or activities outside the school 
premises another 23 children could not be examined. Finally 60.2% par-
ticipated while 39.8% did not attended the final examinations. A child was 
considered a participant if it had joined the dental examination. A consent 
form was addressed to the parent(s) and the child as well. Numbers of 
participants, non-contacts and refusals in 1985 are given in Table 2.3. 
Table 2.3 Number of non-contacts, refusals and participants in the final 
examination (1985). 
Non-contacts 
Refusals 
Participants 
Total 
Four previous 
investigations 
65 
94 
265 
424 
Three previous 
investigations 
40 
53 
116 
209 
Tota: 
105 
147 
381 
633 
L 
(16 
(23 
(60 
6%) 
2%) 
2%) 
More detailed information of motives for refusal is given in Table 2.4. 
2.1.3 Sample at age 14 
The final dental examinations in 1985 were carried out in May and June, 
whereas the last data on dietary habits were collected before this period 
from March until May of the same year. A questionnaire was sent out in March 
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1985 to find out whether the children were willing to participate again and 
asked where they were attending secondary school. They were asked to 
participate, and if not, to give the reason for refusal and to return the 
questionnaire. In addition the following information was asked for: 
- ZIP-code, which was introduced nationwide during the study; 
- name and address of the school they were attending; 
- permission to take two bitewing radiographs of which they would receive the 
duplicates ; 
- formal permission for the investigation from one of their parents. 
Motives for withdrawal in the experimental group versus the control group are 
given in Table 2.4. 
Table 2.4 Motives given for nonparticipation in final follow up, for 
experimental and control group. 
Experimental Control Total 
group group 
No reason 
Not interested 
Own dentist 
Hates dentists 
Moved 
Others 
No-shows 
Refusals 105 42 147 (58.3%) 
Non-contacts 61 44 105 (41.7%) 
Total 
Nonparticipating 166 86 252 (100.0%) 
Of the total number of nonparticipants 41.7% could not be retrieved (non-
contacts). The other 58.3% responded why they were not willing to participate 
in this final examination. Most of those who refused were not interested in 
the project any more (32.6%). Only 7 children out of the control group 
compared to 41 children out of the experimental group gave this for a reason. 
Another reason frequently mentioned was that children (or parents) said that 
they already had a dentist who took care of their treatment. Even after a 
second letter, explaining the situation again, there still remained 24 
children in the experimental group against 10 in the control group who would 
not participate for that reason. Some of the children (18) had moved out of 
the region and therefore could not participate. The same number of children 
gave no reason for their refusal. 
11 
41 
24 
2 
13 
1 
13 
7 
7 
10 
1 
5 
2 
10 
18 
48 
34 
3 
18 
3 
23 
(12. 
(32, 
(23, 
(2. 
(12, 
(2, 
(15. 
.2%) 
.6%) 
.2%) 
.1%) 
.2%) 
,1%) 
.6%) 
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Since the number of nonparticipants in the experimental group differed 
from those of the control group the question arises whether there were any 
systematic differences in program dropout between experimental and control 
group. Therefore a nonparticipation study was carried out (see 4.3.2) to look 
for possible systematic differences and their consequences. 
2.1.4 Organization of the oral examinations 
The participants, originally coming from 24 primary schools, were found to 
be dispersed throughout 55 secondary schools of all levels in and around 
Nijmegen, Oss and 's Hertogenbosch. Although there were more schools to 
visit, they were all centrally located in the cities of Nijmegen, Oss, 's 
Hertogenbosch, Druten, Grave, Groesbeek and Wijchen. These schools were not 
familiar with the SHEP and had to be informed first. Letters were mailed to 
55 schools with information about the project, followed by a persuasive 
telephone call a few days later for further information. All 55 schools were 
willing to cooperate. They were asked to provide a classroom with a sink and 
a separate room or corridor to take the X-rays. An appointment was made at 
the schools convenience. For all schools except one, dental examinations 
took place between May 30 and June 15, 1985. Only one school (in Groesbeek) 
could not accommodate the examiners in that period, therefore examinations 
took place earlier and were used as a trial run for the dental team. Some of 
the complicating factors were the large number of schools, with sometimes 
only one or two students participating, and that in secondary schools the 
students were split into different classes because of the different learning 
program chosen. This prompted adherence to a very tight schedule that neces-
sitated transporting children to and from schools. 
2.2 Methods 
2.2.1 Methods of recording dental caries 
Numerous clinical investigations during the past two decades have shown 
the advantages of selective partial recording (Marthaler, 1966a) as conpared 
to enumeration of all DMF-teeth or surfaces. Marthaler was one of the first 
who stated that examination of all surfaces of every tooth in epidemiological 
studies is a waste of time, because in the oral cavity all these surfaces are 
under the same cariogenic influences and therefore not independent from each 
other. The loss of precision is small conpared by the gain of information 
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acquired by the increased number of subjects which can be examined in the 
same time. 
In the past three decades a variety of partial recording systems were 
shown to be efficient and feasible (reviewed by Marthaler and Steiner, 
1981). Of all the different types of partial recording systems published, 
Marthalers "partial recording" system has been shown to be remarkably 
efficient for incidence as well as for prevalence studies in many different 
populations (Marthaler, 1966b, Rugg-Gunn et al., 1975). In the partial 
recording method 22 surfaces are excluded because development of caries 
rarely occurs on these surfaces. A second reason for omitting certain 
surfaces is that these surfaces are not easily accessible or are subject to 
considerable morphological variation. However, the third reason, given by 
Carpay and Nieman (1986), is of paramount importance nowadays. They arrived 
at the conclusion that because of the continuously decreasing caries activity 
in children even a modified partial recording system, in which another 52 
surfaces are excluded, could be applied. Nevertheless, in this study, the 
original partial recording of Marthaler was applied for reason of comparison. 
In Figure 2.3 this partial recording method is depicted schematically. The 
lingual surfaces of the upper molars are hereby divided into a smooth 
cervical part and lingual pit while the same division is made for the buccal 
surfaces of the lower molars. 
Permanent dentition 
Upper 
Lower 
м 2 M, P 2 p, с ι 2 I, 
Figure 2.3 Partial recording according to Marthaler (1966a) 
ΓΊ = Surfaces examined clinically; 
Ш = Surfaces examined clinically and radiographically; 
Ш = Surfaces excluded from DMF-content. 
Clinical examinations were carried out at school by two epidemiologically 
vestibular 
Palatal 
Lingual 
W n j · * ¡ U L I І I - Ь · -
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trained dentists. Each child sat on a portable dental chair with an adjus­
table head rest. All teeth were dried with compressed air before being 
assessed. A projector with a 50 Watt halogen lamp fiber optic (0 4 mm) for 
flexibility IntraluxR, Volpi 5 Volts was used to provide a uniform source of 
light. Clinical diagnoses were carried out visually with the aid of a plane 
mouth mirror. A sickle probe was used only to remove remaining plaque. For 
the radiographic diagnosis two bitewings were taken with the aid of a film 
holder for every child for which permission was obtained (children out of Oss 
and 's Hertogenbosch at age 8, 10 and 12 and 317 children age 14 throughout 
all cities). The filmholder had been specially constructed for use in 
epidemiological studies and its design is based on the prototype described by 
Backer Dirks et al. (1951). All radiographs were taken with a portable X-ray 
machine (Philips, ОгаИх11 50 kV, 15mA). The standardized way in which teeth 
and bite-wings were examined, as well as the criteria used were described 
previously by Plasschaert (1972) and are summarized in Table 2.5. 
Table 2.5 Clinical and radiographical criteria for the diagnosis of 
deciduous and permanent tooth surfaces. 
Clinical diagnosis Code Radiological diagnosis 
No signs of caries (sound) 0 
Enamel lesion 2 
Small cavity (< 2 mm) 3 
Large cavity (> 2 mm) 4 
Filling 5 
Extracted permanent tooth 6 
No tooth present 7 
Sound deciduous tooth 8 
Decayed or filled deciduous tooth 9 
No radiolucency in outer enamel 
Lesion in outer enamel 
Radiolucency visible in dentine 
Radiolucency visible in inner half 
of dentine reaching the pulp 
Filling 
Extracted permanent tooth 
No tooth present 
Deciduous tooth without radiolu­
cency (in outer half of enamel) 
Decayed or filled deciduous tooth 
Table 2.5 shows that there are three scores to characterize the D-
component: decay confined to enamel (code 2, expressed as D 2 in the DMF 
index); small dentinal lesions (code 3, expressed as D3 in the DMF index); 
and large cavities (code 4). When a IMF index is given, a choice has to be 
made as to which stages of carious destruction are to be presented. In the 
current study common practice was followed in two ways. First, no differen­
tiation between D3 and Ό
Λ
 was made; when D3 figures are presented they 
contain the (usually very few) advanced Ώ
Λ
 lesions. Second, a separate 
index, D3MF-T (or D3MF-S) is used to indicate presence of dentinal caries 
excluding (reversible) D 2 enamel lesions, whereas D2MF-T or S indicates that 
all carious lesions, including D3, are presented. 
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2.2.2 Gingivitis 
In the SHEP-project a pilot study into reliability and reproducibility as 
well as efficiency of different types of observation and evaluation methods 
for gingivitis used until 1983 were compared (Vogels, 1983). It was concluded 
that it is preferable to measure gingivitis with the precursor of the later 
Papillary Bleeding Index (PBI, Saxer et al., 1977), which is a modification 
of the gingival Sulcus Bleeding Index, SBI (Mühlemann and Son, 1971). The PBI 
measures bleeding of the papillae after probing, the first sign of inflamma-
tion of the gingiva. In order to test the relevance of a total gingivitis 
score the scores of all papillae as well as the papilla score of the 
"Ramfjord teeth" only (16,21,24,36,41,44) were measured at the age of 6 and 
8. Since the papillae of the 21 and 41 could not be included in the total 
PBI, these scores were substituted by those of the mesial papillae of the 22 
and 42. Both the score of the Ramfjord teeth as well as the full-mouth score 
of all papillae was scored according to the following codes: 
0: no bleeding within 30 sec. after probing 
1: bleeding points one or two seconds after probing 
2: immediately bleeding after probing 
3: intensive bleeding and flow along the gingival sulcus when the 
papilla is touched 
9: absent tooth 
The partial scoring was done only at the age of twelve and fourteen as the 
total PBI score was earlier found to be only slightly different from the 
partial PBI-score of the modified Ramfjord teeth (Vogels, 1983). The partial 
PBI-score and the caries examinations were performed by the same dentist(s). 
The 22,24,42, and 44 were explored on the buccal side and the 16 and 36 on 
the lingual side. At age 12 and 14 a more simplified score was applied. The 
upper jaw was examined lingually on the right side and buccally on the left 
side. In the lower jaw, inspection was carried out on contra-lateral loca-
tions. Both mesial and distal side of the papillae were probed. Bleeding of 
the papillae within 30 seconds was scored on a three-point-scale.· 
0: no bleeding of papilla 
1: bleeding of papilla 
9: absent tooth 
These scores were dictated immediately during examination and marked on 
specially developed mark-sensing forms. These forms were read by an optical 
cardreader, compiling the data into a gingivitis file. The data on the forms 
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were tested by a computer program for formal errors. 
In the longitudinal study the data of the 6- and 8-year olds were adjusted 
for comparison to the more simplified score at the age of 12 and 14. To 
establish whether the 0 and 1 score should be considered as no bleeding (0) 
and the 2 and 3 score as bleeding (1) or the 0 as no bleeding and the 1, 2, 
and 3 score as bleeding an Analysis of Variance (ANOVA) was carried out to 
establish the effects on the parameters SES, sex, experiment and the 
interactions for the different methods. For this purpose the original five-
point scale applied to the Ramfjord teeth at the age of 6- and 8-year was put 
up against the two adjusted scores as seen in Table 2.6. 
Table 2.6 Test results (ANOVA) for SES, sex, experiment effects and their 
interactions at the age of 6- and 8-years for the original score 
(0,1,2,3) and two adjusted scores (0,1 - 2,3 and 0 - 1,2,3). 
Original score Adjusted score Adjusted score 
0,1,2,3 0,1 - 2,3 0 - 1,2,3 
Year 6 8 6 8 6 8 
SES 
Sex 
Experiment 
SES χ sex 
SES χ experiment 
** 
-
-
-
-
* 
-
-
* 
* 
** 
-
-
-
-
** 
-
-
-
-
* 
-
-
* 
-
-, *, ** see Table 2.7 
Since the results of the original scoring method were best approached by the 
scoring in which only the 0 was considered as no bleeding (third set of 
columns in Table 2.6), this particular adjusted score was used for further 
analyses. 
2.2.3 Plaque 
To determine plaque extension a modified planimetrie method was used 
(Vogels, 1983). Before all other dental examinations, a colore slide was 
taken (under standard conditions) of the twelve anterior teeth after 
application of a disclosing solution (DisplaqueR, Block et al, 1972). The 
plaque areas were recorded with the help of D-Mac registration equipment 
(Boersma and van der Linden, 1974). For this purpose a projector located 
above a special table projected color slides of the front teeth 18 times 
linearly magnified. 
Plaque recordings were available of children at age 6, 8, 12 and 14. 
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The coordinates of the plaque areas of the first three examinations were 
recorded with the aid of: 
- projector 
- instrument table 
- data recorder 
- card punching machine 
- teletype 
- acoustical modem. 
All coordinates of plaque areas per tooth were stored. The data of the third 
examination (at the age of twelve) were checked by a special program. The 
coordinates of the plaque areas were fed into the computer. By using the 
turbo graphix toolbox the areas were made visible for locating false 
coordinates (Turbo Graphix, 1985). Often a false coordinate was seen when 
the runner on the instrument table continued measuring after the starting 
position was set in the lower left corner (see Figure 2.4) or when the runner 
shot over the table because of some irregularity (see Figure 2.5). As these 
obviously false coordinates cause false areas (often larger than actual) they 
were corrected for. 
For the data from the fourth examination a more sophisticated way of data 
processing was used which saved time and bites. The instrument table, the 
runner, the projector and the D-Mac were still the same, but they were 
connected to a personal computer. 
^ л ^-v; 
WWAM 
Figure 2.4 Runner was kept measuring after the starting position was set in 
the lower left comer. 
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Figure 2.5 PeaX caused by irregularity on the table. 
The measured outline was directly displayed on a computer monitor. Using the 
monitor the false coordinates were corrected to achieve a correct plaque 
area. When the outline was similar to that on the slide (which was projected 
beside the monitor) the measured area was then stored in the computer. 
Instead of approximately twelve pairs of coordinates on the average per 
tooth, only one area number in hundreds of square mm was stored. The data 
were then sent to the computer system where all the other data were kept. The 
plaque score per child was calculated by adding the single tooth scores 
divided by the number of teeth evaluated. 
2.2.4 Dietary Patterns 
Although there are several methods which can be used to study dietary 
patterns, the 24-hour-recall method was selected, because it turned out to 
be useful in previous studies, and because it is an efficient and easily 
performable method (Ruiken, 1983). A disadvantage is that it provides only 
current one-day information and the person interviewed has to remember 
everything he/she ate or drank that day. Therefore the results are to be 
interpreted only for groups and not for individuals separately. 
In order to collect the data for the 24-hour-recall, five dieticians were 
specially trained. As the collected dietary data should represent a typical 
school day of the investigated children, no interviews were taken on mondays 
and on days after national holidays. These interviews were held with one of 
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the parents at home after an appointment had been made. Tor the interviews 19 
cities and villages were visited as seen in Figure 2.6. The interviewer went 
chronologically over the complete food intake of the previous day regarding 
the respective child. Cups and glasses used for drinks were taken as a volume 
measure. The amount of meat, vegetables, potatoes, puddings, snacks and 
similar food was precisely established by weighing and occasional use of 
photographs. Special attention was paid to the between meal intake with 
regard to type, number, quantity and time of consumption. In particular, 
questions were asked, about sugar-containing products which were consumed 
between meals. A constant time of twenty minutes was attributed to eating a 
cariogenic product. Whenever overlap occurred, the snack eating time was 
recorded as one sugar moment. For instance if two cariogenic products were 
taken within a ten minute interval, 20 + 10 minutes were recorded instead of 
40. In this way the snack eating time was calculated. To determine the 
individual nutrient intake the chemical compositions of foods was estab-
lished. For this purpose an UCV-databank was established (Commissie UCV, 
1980). This bank is updated every year by a specially developed computer 
program and contains all kinds of foods available on the Dutch market. By 
collecting the data in the way as programmed, the dietary patterns could be 
analyzed instantly (Elvers, 1980). 
Figure 2.6 The different cities/villages where the children were living 
during the last examination. (Refer to Figure 2.2) 
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2.2.5 Social background 
Although details concerning the social background were already obtained at 
the age of 6 to 12, an additional questionnaire was given to the children at 
age 14. The first questionnaire was given to the parent accompanying the 
child at the medical examination. With the help of these data the socio-
economic status (SES), number of children at home, type of health insurance, 
parent's occupation and similar questions were compiled. The additional 
questionnaire (see appendix I) given at age 14 contained a few specific 
questions for children going to secondary school i.e. the type of school, 
whether they lived in a single-parent family and if there was any change in 
working conditions of their parent(s). Furthermore, questions were asked 
concerning pocket money, smoking, drinking habits and use of soft/hard 
drugs. 
2.2.6 Behavior, attitude, and knowledge 
Behavior, attitude, and knowledge were also evaluated by means of a 
questionnaire. This questionnaire was developed and processed by the Hoogveld 
Institute of Didactics. The questions were constructed on the basis of the 
education program the children had received. In a pilot study the most 
discriminating questions were selected and compiled into a test. 
The first time the children received a questionnaire concerning their 
knowledge, attitude, and behavior was at age 12. There were 227 questions on 
the different SHEP-subject matters subdivided into knowledge, attitude, 
behavior and locus of control with 76, 65, 61 and 25 questions respectively. 
The second time, at age 14, the questions remained unchanged, but only those 
related to dental health and nutrition were asked. 
The remaining 50 questions had to be answered after finishing dental 
examinations or during the time the children were waiting for their turn. The 
average time to fill out these questions was 20 minutes. The children were 
asked not to cheat. It was explained to them that this was not an examination 
and therefore they did not have to be ashamed when they did not know the 
answers. The answers were written on computer answering forms with name and 
number preprinted. The computer sheets were processed later for data storage 
into the computer. Because of the limitations of this second assessment it 
was decided to analyze only the 50 specific dental health and nutrition 
questions at age twelve and compare them to those at age 14 (see 3.5 and 5.4 
and appendix II). 
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2.2.7 Statistical analysis 
A complete inventory of the somatical variables and their construction is 
given in an internal report (Elvers, 1984). For the construction of variables 
characterizing behavior in general, principal component analysis was used 
(refer to section 3.5). The evaluation of the measurement quality involves 
iPC-analysis (refer to section 3.4) and Cronbach's a (refer to section 3.5). 
In order to carry out the statistical procedures properly, transformation to 
normality (power- or logarithmic-transformation) was often necessary. 
Taking into account the stratification in the sampling procedure most 
analyses have to include correction for sex and SES, which often would 
require analysis of variance (MOVA) or multiple correlation approaches 
(Chapter 4 and 5). 
The results of hypotheses tested will be presented as significance levels 
according to Table 2.7. Methodological details are found in chapter 3 "Data 
Quality" and subsequent chapters. 
Table 2.7 Symbols indicating the significance levels in reporting the 
results of hypotheses tested in the study. 
Symbol 
-
* 
** 
*** 
Significance level 
0.05 < Ρ 
0.01 < Ρ < 0.05 
0.001 < Ρ < 0.01 
Ρ < 0.001 
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3 DATA QUALITY 
3.1 Introduction 
It is always feasible to assess the reliability of the data obtained 
before subjecting them to an extensive analysis. The quality of a measuring 
instrument and of the collected data can only be assessed if more than one 
observation of the phenomenon under study is available. With regard to the 
present study one must keep in mind that most of it is based on retrospective 
analysis of existing data, the collection of which had started many years 
previously. This implies certain restrictions and difficulties. However, the 
basic requirement that more than one set of observations/measurements must be 
available, is fulfilled; in case of limited possibilities for standard 
analysis of duplicate observations, the InterPeriod Correlation matrix 
analysis (IPC) was used (van 't Hof and Kowalski, 1979) to complement the 
estimate of the reliability of the data. 
There are several ways to obtain parallel information of the same variable. 
1. The first and most effective way to get insight into the quality of the 
data is to find a so-called definitive yardstick or primary standard, 
including an additional measurement which reflects the true value of the 
measured object. In the present study, bitewing radiographs for approximal 
caries assessment may serve as a definitive yardstick for the clinical 
observation of approximal lesions. The results of this comparison will be 
reported in section 3.2. 
2. Collection of sets of two independent observations is a second method to 
study data quality. For this purpose blind duplicate observations/ 
measurements are performed. The level of agreement of different examiners 
(inter-examiner-agreement) as well as the repeated measurements of one 
examiner (intra-examiner-agreement) may be established. For two variables 
(gingivitis and clinically diagnosed carious lesions) in the current study 
no duplicate observations/remeasurements were collected. Duplicate 
gingivitis diagnoses were not taken because of the natural day-to-day 
variability of symptoms occurring in children. Extensive duplicate 
measurements of carious lesions had been made earlier as detailed in 
section 3.3. However, for plaque extent duplicate measurements were 
accomplished as discussed in section 3.3. 
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3. The principle in longitudinal clinical studies is to examine subjects 
repeatedly at certain intervals enabling the examiner to study effects of 
variables in time, and in addition, to assess data quality. Although real 
changes over time may mask the observation error, the so-called inter-
period correlation matrix analysis will be helpful to discriminate 
between real changes and observation errors (Frencken, 1988). The analyses 
of four sets of oral observations are presented in section 3.4. 
4. In questionnaires it is very common to obtain reinforcing information by 
assessing the same phenomenon using several related questions (items). 
The quality of the final measurement depends on the internal consistency 
of the question block. The reliability of the questionnaires on dental 
health and nutrition used in this study was analyzed and is found in 
section 3.5. 
3.2 Radiographical versus clinical diagnosis of approximal lesions 
3.2.1 Introduction 
For the diagnosis of approximal carious lesions in posterior teeth 
bitewing radiographs are considered a valuable tool. Diagnostic criteria for 
approximal lesions can be more precisely applied to radiographic examination 
than to clinical examination. Moreover, blind examination and reexamination 
is possible. 
This means that for testing of reproducibility and validity of caries 
data, radiographs are of special importance. Although previous studies 
(Ruiken et al., 1982, 1986a, 1986b) have shown that in low-prevalence child 
populations bitewing radiographs add little information to clinical diagnosis 
alone, in the present sample the situation was different. Firstly, caries 
prevalence had only started to decline in the Netherlands when the long-term 
study was started and caries activity was still relatively high. Secondly, 
the children in the present sample were followed up to the age of 14 when 
there are appreciable numbers of approximal lesions present; the oral 
conditions were complex enough for comparison of clinical and radiographic 
diagnoses to make sense. 
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3.2.2 Material and methods 
To investigate the loss of information by substituting clinical diagnosis 
for radiographical diagnosis, parallel clinical and radiographical examina­
tions of the approximal surfaces were carried out in a subsample of 14-year 
old children. Caries data were recorded using Marthalers partial recording 
method (1966). 
The radiographs were processed under standardized conditions and examined 
by a dentist without reference to the clinical records during a set time 
every day under standard conditions. Surfaces with overlap or unreadable ones 
were excluded. 
In order to determine the intra-examiner agreement, part of the radio­
graphs were reviewed in duplicate. The same observer randomly examined 
another 28 sets of bitewings two weeks later after all the radiographs had 
been examined. Assessment of agreement was done in two steps. Firstly, the 
examiner should arrive at a conclusion as to which surfaces on each photo­
graph were readable. Two weeks later, in the second examination, if the 
examiner reached the same conclusion concerning readability of the various 
surfaces, then those surfaces were included in the second step, i.e. 
assessment of the reproducibility of the score given to the "readable" 
surfaces. Based on these surfaces scored in duplicate, the к as coefficient 
of agreement (Cohen 1960) was calculated and found to be 0.85 on a three-
point scale (scores: 0=sound; 2=enamel lesion; 3=dentinal lesion). The level 
reached is considered "substantial" (Landis and Koch, 1977). 
Assessing the validity of a diagnostic method depends on establishing a 
relationship with the diagnosis of a disease in such a way that it is the 
most accurate estimate of the real situation (the definitive yardstick). In 
the present study, the radiographically established diagnosis of the 
approximal surfaces was used as definitive yardstick. Although not perfect, 
the choice for radiographs was made in this study because they show carious 
porosities more objectively than the clinical appearance. Moreover, in teeth 
in situ there is a greater likelihood to diagnose a lesion radiographically 
than to find it clinically. 
In order to determine the validity of the clinical judgments for epidemio­
logy the sensitivity and negative predictive value were computed. In 
diagnosis of infectious systemic diseases such as tuberculosis or AIDS, it is 
customary to judge the validity of serologic tests by calculating the 
relative numbers of accordances between presence of disease and result of 
serology, as follows: 
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τ* 
Test 
results 
Total 
Disease 
D· 
a = correct 
positive 
с = false 
negative 
a + с = 
diseased 
persons 
D-
b = false 
positive 
d = correct 
negative 
b + d = 
non-diseased 
persons 
Total 
a + b 
positive test 
с + d 
negative test 
a + b + с + d 
total group 
D* : disease present; D 
T* : test result positive; T-
disease not present 
test result negative. 
From these combinations sensitivity and specificity are given as follows: 
sensitivity = proportion of positive test result in diseased persons 
= 1 - P(false negative) = P(T'|D'), and can be calculated as 
a/(a+c). 
specificity = proportion of negative test result in non-diseased persons 
= 1 - Pffalse positive) = P(T |D ), and can be calculated as 
d/(b+d). 
Likewise the predictive values can be calculated: 
of a positive predictive test value = diseased persons when test result is 
positive = P(D'|T*) = a/(a+b), 
of a negative predictive test value = non-diseased persons when test result 
is negative = P(D |т ) = d/(c+d). 
Sensitivity describes the relative value of diagnoses and is defined, in 
this case, as the proportion of surfaces with radiographically established 
carious lesions which had indeed been identified clinically as carious. 
The negative predictive value is defined as the percentage of clinically 
sound surfaces amongst the radiographically scored sound surfaces, whereas 
positive predictive value is described as the percentage of clinically scored 
carious surfaces amongst the radiographically scored carious surfaces. 
For a realistic assessment of specificity, the definitive yardstick 
radiographic diagnoses "sound" should be verified by direct clinical 
observations under optimal conditions. This could only be done after 
extraction which is not feasible in this study. Therefore, since in situ the 
clinical signs of caries are weaker than the radiographic ones, clinical 
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diagnoses in the absence of radiographic signs will (with very high probabil­
ity) be zero. Consequently, specificity would artificially amount to nearly 
1.0 which is unrealistic. 
The positive predictive value was not calculated for similar reasons; the 
clinically established score could almost always be confirmed by the 
radiographic score. 
3.2.3 Results 
Of the children participating in the study mean age and the mean number of 
approximal surfaces examined are given in Table 3.1. 
Table 3.1 Number of children examined, their mean age and average number of 
surfaces investigated. Between brackets the number of approximal 
surfaces. 
η Age in years Surfaces investigated 
Clinically Radiographically 
317 14.32 89.0 (22.8) - (22.0) 
In Table 3.2 the number of bitewings taken is given together with the 
number of overlaps and unreadable surfaces. From the table it is clear that 
in 542 bitewings the readability of all approximal surfaces was sufficient, 
which means that 85% of the radiographs came out well. In 92 bitewings 1 or 
more surfaces were unreadable. In 17 bitewings 6 or more sites could not be 
examined, which means that 3% of all radiographs were, practically speaking, 
useless. 
Table 3.2 Number of bite-wing radiographs with 0, 1-2, 3-5 or 6 or more 
unreadable approximal surfaces. Between brackets the percentages 
of the total number of bitewing radiographs are given. 
Number of unreadable surfaces 
0 
1 - 2 
3 - 5 
> 6 
Total 
Number of bite-wings 
542 (85%) 
51 ( 8%) 
24 ( 4%) 
17 ( 3%) 
634 (100%) 
In order to apply the radiographic criteria it is essential that the outer 
margin of each approximal surface is completely visible on the radiograph. If 
overlap occurs, it is not possible to make a radiographic diagnosis of 
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caries at the D2-level. Elimination of bitewings on which a few unreadable 
surfaces occur would obviously mean loss of available data. Even if only the 
few unreadable surfaces would be eliminated, still a great loss of informa-
tion would occur, whereas the information not available from an overlapped 
surface might have been gained by clinical inspection. It is obvious that 
such an incomplete "pair" of clinical/radiographic data is not fit to be 
included in the comparison of the two methods of assessment, but the clinical 
diagnosis remains a valuable piece of information. It was decided not to 
eliminate cases of x-ray unreadable surfaces, but rather to substitute the 
missing values by the respective clinical score. Assuming clinical score = X-
ray score, data were used in the calculations as "neutral" values with 
respect to the comparison clinical/X-ray diagnosis, but a change or loss with 
respect to the overall DMF-S averages was avoided. Table 3.3 shows the 
frequency distribution of radiographically examined approximal surfaces which 
were sound (0), unreadable (1), and carious (2,3). 
Table 3.3 Frequencies of approximal caries scores at age 14. Score 0 = 
sound, score l = unreadable, score 2 = enamel lesion, score 3 = 
cavity. Between brackets the percentages of the total number of 
diagnoses per type of surface are given. 
Score 
Surface 
Mesial 
Distal 
Mesial 
Distal 
Mesial 
Distal 
Mesial 
Distal 
Mesial 
Distal 
Mesial 
Distal 
Tooth1 
17-27 
16-26 
16-26 
15-25 
15-25 
14-24 
37-47 
36-46 
36-46 
35-45 
35-45 
34-44 
0 
500 
423 
394 
458 
496 
480 
492 
458 
430 
450 
544 
558 
(84) 
(68) 
(69) 
(79) 
(84) 
(86) 
(81) 
(74) 
(74) 
(77) 
(92) 
(92) 
1 
33 
61 
56 
26 
22 
22 
8 
16 
26 
18 
18 
21 
(6) 
(10) 
(10) 
(4) 
(4) 
(4) 
(1) 
(3) 
(4) 
(3) 
(3) 
(3) 
2 
53 
113 
105 
85 
64 
54 
102 
119 
113 
108 
28 
25 
(9) 
(18) 
(18) 
(15) 
(11) 
(9) 
(17) 
(19) 
(19) 
(18) 
(5) 
(4) 
3 
8 
26 
18 
10 
10 
5 
5 
25 
14 
11 
4 
3 
1
 FDI two-digit system 
As can be seen from the table, enamel lesions and cavities were predomi-
nant in the distal and mesial surfaces of the first molars. The average 
numbers of decayed, missing and filled surfaces according to sex and the mode 
of approximal diagnosis are presented in Table 3.4. In general, no signifi-
cant differences are found in caries prevalence between males and females, 
and many authors therefore omit separate presentation of these data. In the 
current study, however, it was found that molars and premolars erupted 
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earlier in girls than in boys (see Table 5.3) and the prolonged exposure 
explains the higher caries prevalence in girls at age 14. 
Table 3.4 Carious lesions in molars and premolars of 14-year old children; 
a) all approximal surfaces, b) all other (pre-)molar surfaces. 
Averages + SD of decayed (D), missing (M) and filled (F) surfaces 
(S) per child according to clinical and radiographic criteria 
specified for DiMF-S (including enamel lesions) and D3MF-S 
(excluding enamel lesions). 
D2MF-S 
a) b) All 
Approx. Others surfaces 
Maximum 
surfaces 24 60 84 
χ SD χ SD χ SD 
Boys (n=142) 
Clinical 1.3+2.1 9.7+7.5 11.0+ 9.0 
Radiogr. 3.9+4.9 - 13.6+11.4 
Girls (n=175) 
Clinical 1.4+2.2 10.6+7.3 12.0+ 8.9 
Radiogr. 4.4+5.1 - 15.0+11.4 
Total (n=317) 
Clinical 1.3+2.2 10.2+7.4 11.5+ 9.0 
Radiogr. 4.1+5.0 - 14.3+11.4 
D3MF-S 
a) b) Ali 
Approx. Others surfaces 
24 60 84 
X SD x SD χ SD 
0.7+1.6 3.9+3.9 4.6+5.0 
1.1+2.3 - 5.0+5.5 
0.7+1.5 4.7+4.2 5.4+5.2 
1.0+1.9 - 5.7+5.5 
0.7+1.5 4.3+4.1 5.0+5.1 
1.1+2.1 - 5.4+5.5 
The table shows that the proportion of approximal carious surfaces in the 
total DMF-S count was 11% with the clinical examination of the approximal 
carious surfaces and 29% in case of radiographical examination of these sur­
faces. For the D3MF-S count these percentages were 14 and 20, respectively. 
There was no statistically significant difference between boys and girls 
(Student's t-test; ρ < 0.05). The numbers of cavities per child which 
clearly were clinically overlooked can serve as an indicator of the loss of 
information that occurs when substituting clinical for radiographical 
diagnosis in 14-year old individuals. Table 3.5 shows that in 251 subjects no 
cavity was overlooked when carious lesions were diagnosed clinically. 
However, in 51 children 1-2 cavities and in 15 children 3-5 cavities were not 
diagnosed. In order to analyze agreement between clinical and radiographical 
diagnosis of approximal carious lesions, in Table 3.6 the results of both 
assessments were plotted in a cross table. 
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Table 3.5 Number of cavities per child overlooked clinically. 
Number of 
cavities 
0 
1 - 2 
3 - 5 
Total 
overlooked Number of 
children 
251 
51 
15 
317 
Percentage 
of children 
79% 
16% 
5% 
The figures in the diagonal cells represent the number of cases in which 
clinical and radiographic diagnosis were the same. Disagreement between the 
judgments means that the figures appear in the off-diagonal cells. A cavity 
was diagnosed radiographically 71 times in an approximal surface of a molar 
even though it was determined to be sound clinically. In 1 case the opposite 
occurred. Likewise in 462 sites an enamel lesion was diagnosed radiographi-
cally but found to be sound clinically, whereas in 10 sites a cavity was 
found radiographically while clinically it was diagnosed as an enamel lesion. 
For 29 and 1 combinations, respectively, the situation was reversed. In 30 
surfaces (29+1) the radiographic diagnosis as "sound" was not confirmed 
clinically and in 533 cases (462+71) the clinical diagnosis "sound" was not 
confirmed radiographically. 
Table 3.6 Cross table of clinical and radiographical diagnosis of caries of 
the approximal surfaces in 14-уеаг old children. Score 0 = sound, 
score 2 = enamel lesion, score 3 = cavity. 
Radiographical 
Criteria 
Clinical 
Total 
0 
2 
3 
Premolars 
0 2 3 Total 
2985 355 33 3373 
0 7 2 9 
0 0 5 5 
2985 362 40 3387 
Molars 
0 2 
2666 462 
29 140 
1 1 
2696 303 
3 
71 
10 
14 
95 
Total 
3199 
179 
16 
3394 
Premolars + Molars 
0 2 3 Total 
5651 817 104 6572 
29 147 12 188 
1 1 19 21 
5681 965 135 6781 
In molars the proportion of agreement between the two methods was 21.8% 
for enamel lesions and 14.4% in case of cavities and was calculated in the 
following way. 
score 2 only X-ray diagnosis : 463 = 72.1% 
score 2 only clinical diagnosis : 39 = 6.1% 
score 2 X-ray and clinical diagnosis : 140 = 21.8% 
642 = 100.0% 
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In a similar way, all agreement percentages may be calculated. Agreement 
regarding dentinal lesions diagnosed clinical and radiographically was only 
14.4%. Regarding sound surfaces there was fair agreement (82.6%) for molars 
and 88.5% for premolars, but with respect to enamel spot lesions and cavities 
the proportion of diagnoses which agreed was poor. Comparing the results for 
molars and premolars it appears that enamel lesions in premolars could be 
assessed almost exclusively radiographically. In order to assess the validity 
of the measurements, sensitivity and negative predictive value were calcu-
lated and are presented in Table 3.7 and 3.8. Because this result was not 
significantly different for boys and girls, the other results are presented 
for both sexes together. 
Table 3.7 Sensitivity (%) of assessment of enamel lesions and cavities 
separately for boys and girls. 
Enamel lesions diagnosed 
Premolars Molars Premolars 
+ Molars 
Girls 1.4 25.7 16.6 
Boys 2.8 19.4 13.2 
Total 1.9 23.2 15.2 
Cavities diagnosed 
Premolars Molars Premolars 
+ Molars 
6.0 14.0 12.0 
16.0 14.0 15.0 
12.0 14.0 14.0 
Sensitivity was defined as the proportion of surfaces with radiographi-
cally established carious lesions which had indeed already been identified 
clinically as carious (Table 3.7). The chance of diagnosing a white spot 
lesion in premolar and molar teeth correctly was 1.9% and 23.2%, respective-
ly. For the premolar and molar area, in total, this chance was 15.2%. For 
cavities reaching into the dentine the sensitivity in premolars and molars 
was 12.0% and 14.0% and for the whole area 14.0%. 
Table 3.8 Negative predictive value (%) for premolars and molars presented 
separately for boys and girls. 
Girls 
Boys 
Total 
Premolars 
87.9 
89.3 
88.5 
Molars 
82.5 
84.8 
83.8 
Premolars 
+ Molars 
85.8 
86.8 
86.0 
The negative predictive value was defined as the probability of a tooth 
surface being, in fact, sound when diagnosed as sound. For premolars this 
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probability was found to be 88.5% and for molars 83.81. For the total this 
was 86.0%. 
3.2.4 Discussion 
When discussing ease of diagnosis of small approximal enamel lesion by 
clinical versus radiographic assessment, the accessibility is an important 
point. When examination is done in situ, very small lesions can not be 
observed, and in case of bigger ones, only the margins are visible. X-rays, 
in contrast, can penetrate all structures. Moreover, the water volume in 
pores between apatite crystals does not influence the radiograph, whereas the 
clinical observability of a small enamel lesion is dependent on the degree of 
dryness. The situation is different in extracted teeth. There is full 
accessibility for visual inspection under a variety of conditions (wet or 
dry), and especially small lesions can be diagnosed with more reliability 
clinically than radiographically (Jung, 1965; Leyon, 1969; Narthaler and 
Germann, 1970). In the present study the results could only be gained by 
clinical examination, and therefore radiographs were chosen as the definitive 
yardstick although they are not ideal in every respect. 
The purpose of the study was to evaluate the use of radiographs in 
incidence studies in 14-year-old children. In view of the prevailing low 
caries prevalence it is questionable whether it is allowable to substitute a 
radiographic diagnosis of the approximal surfaces by a clinical one without a 
substantial loss of information (de Vries et al., 1987). In the population 
under study, in which caries incidence was low and the approximal surfaces 
compared to children of a younger age formed a greater part of the DMF-S 
count, omission of radiographs would result in a average underestimation of 
18.9% of the D2MF-S count and of 7.4% of the D3MF-S count. The number of 
surfaces correctly diagnosed as carious was small, as can be seen in Table 
3.12. In 23.2% of the assessed approximal surfaces inmolar teeth, white 
spots, when present, are indeed diagnosed. This proportion was 1.9% in 
premolars. For cavities these percentages in premolars and molars were 12.0% 
and 14.0% respectively. With radiographic diagnosis used as the definitive 
yardstick, the sensitivity test showed a chance of 84.8% (100-15.2) of 
overlooking white spot lesions in case of clinical assessment of approximal 
surfaces in the premolar molar area. The probability of having no carious 
lesions when the result of the examination was negative, was found to be 
lowest in the approximal surfaces of molars in girls (82.5%). In total 86.0% 
of the surfaces examined were correctly diagnosed, implying that 14% of the 
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surfaces were incorrectly judged as sound. In the age group under considera­
tion, even when white spot lesions were excluded, radiographic diagnosis of 
the approximal surfaces would be preferable to prevent a substantial loss of 
information. 
Ruiken et al. (1982, 1986), using к for assessment of agreement of 
clinical with radiographic diagnoses, found little loss of information in 
young children but decreasing agreement with age for ages 8 through 12. One 
possible explanation for this result, however, may have been the low caries 
prevalence in young children; the high percentage of unequivocal scores of 
zero minimized the number of surfaces which usually give rise to uncertain 
diagnosis. This special situation tended to let the agreement artificially 
appear better than it would have in a high-prevalence population (especially 
of older children). 
Based on these considerations Ruiken's data of children aged 8 through 12 
and the new 14-year data were reassessed using a different method of 
analysis, i.e. calculation of sensitivity and negative predictive value. The 
results are presented in Table 3.9. Since the age at which it becomes 
advisable to make bitewing radiographs seemed to be between 12 and 14 years 
the molar and premolar data are presented separately for these older 
children. 
Table 3.9 Sensitivity (%) of caries diagnostic criteria enamel lesions and 
cavities and negative predictive value (%) according to age. Ρ = 
premolars, M = molars, Tot = premolars + molars. 
Age 8 10 12 14 
Surface Tot Tot Ρ M Tot Ρ Μ Tot 
Number of children 
Number of surfaces 
Sensitivity of enamel 
lesions 
Sensitivity of 
cavities 
Negative predictive 
value 
110 
808 
6.3 
-
98.4 
165 
1975 
_ 
66.0 
98.2 
1267 
1.1 
9.0 
90.5 
1315 
12.7 
18.0 
88.8 
142 
2582 
7.4 
15.0 
89.7 
3387 
1.9 
12.0 
88.5 
3394 
23.2 
14.0 
83.3 
317 
6781 
15.2 
14.0 
86.0 
At age 8 and 10 respectively there was only one cavity or enamel lesion 
scored radiographically which could not be confirmed clinically. This 
resulted in a sensitivity of 0.0. The remaining sensitivity increases during 
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the years as far as enamel lesion are considered but decreases when concern-
ing cavities. The chance of diagnosing an enamel lesion correctly is 6.3% at 
age 8 versus 15.2% at age 14. For cavities at age 14 the chance was approxi-
mately the same (14.0%), but at age 10 this was 66.0%. When types of surfaces 
are considered it appears that the sensitivity with respect to cavities in 
premolars was increasing while that of molars is decreasing. 
Over the years the negative predictive value, or the probability of tooth 
surfaces being sound when diagnosed as sound, is decreasing. In other words 
while at age 8, 1.6% surfaces were judged incorrectly as sound; this number 
increased from 1.8% at age 10, through 10.3% (age 12), to 14.6% at age 14, 
whereby surfaces of premolars have better chances to be diagnosed correctly 
than molars. 
Both sensitivity as well as the negative predictive value show that there 
is a point of inflection somewhere around age twelve. Based on these figures 
it seems to be advisable to include radiographic diagnosis for approximal 
surfaces of children age 12 and older to prevent a possible loss of informa-
tion. 
3.3 Inter- and intra-observer agreement 
The most common way to test reproducibility is to study an intra- and 
inter-examiner agreement; in section 3.3 an explanation is given why the 
examinations necessary for this approach were not done and why a different 
approach (3.4) was chosen. The intra-examiner agreement measures differences 
within one examiner (instability), while the inter-examiner agreement 
measures the differences between examiners (different interpretation plus 
instability). It is possible, however, that both examiners make the same 
mistakes and so a high reproducibility is not a guarantee for validity 
(Frencken, 1988). This means that reproducibility reflects only part of the 
data quality. 
The validity can only be verified if a definitive yardstick is present. Of 
the three variables assessed in this study, two have been subjected to an 
estimate of their reliability. Both intra- and inter-examiner agreement 
require double blind duplicate measurements, meaning that: 
- the first examiner does not know his observation will be repeated; 
- the second examiner does not know the observation has been carried out 
already or what its result was. 
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Regarding plaque and gingivitis, the first is the cause of the latter, and 
results of both sets of observations are not independent (Theilade et al., 
1966). Therefore, analyzing the reproducibility of one of the two assessments 
can be sufficient. Regarding gingivitis, the duplicate observations (for 
scoring see 2.2.2) cannot be done blindly according to the rules, since the 
second examiner may notice remnants of the bleeding reaction of the first 
probing. Besides that the gingiva may respond with more intense bleeding when 
probed again within a short period of time. For these reasons, assessment of 
the quality of plaque measurements was chosen from the two parameters 
indicating periodontal health. 
Plaque 
Due to the fact that plaque extent was measured from color slides it was 
possible to determine the intra- as well as the inter-examiner agreement. 
The first examiner scored all the data of the 12-year old children and 
several 14-year olds. The second examiner scored all the color slides of the 
14-year olds and some of them twice. 
The scoring system is described in section 2.2.3. The inter-examiner 
agreement was established to determine (despite calibration) possible 
systematic differences in interpretation between the two examiners. The 
intra-examiner agreement for the second examiner was calculated to evaluate 
instability. 143 Children were re-examined for inter-examiner agreement and 5 
children (60 elements) for intra-examiner agreement. There was a significant 
systematic difference between both observers. The first examiner found 
systematically lower values than the second examiner, which means that the 
plaque extent of 14 year olds was systematically larger then at age 12. 
The duplicate measurement error of the plaque extent on a single tooth was 
3.1 mm2. The measurement/remeasurement correlation was 0.78 (n=60). At mouth 
level (mean plaque extent for 12 teeth) the duplicate measurement error was 
1.4 mm2. The measurement/remeasurement correlation was 0.92 (n=5). In 
conclusion, it can be stated that the reproducibility from the color slides 
was very good. Due to daily fluctuations, however, the usefulness of the 
plaque measurements may be questionable. 
Caries 
Caries with its slowly changing lesions is a suitable variable for 
repeated observations. During the beginning of the SHEP an extensive study 
was carried out to establish the intra- and inter-examiner agreement 
concerning this variable. Whenever the examiners disagreed substantially the 
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interpretation of the criteria was reassessed but scores were never correc-
ted. Further information is to be found in Plasschaert (1972) who has 
described this procedure extensively. Since there was only one of the 
calibrated examiners remaining for the caries examination at age 14, 
duplicate observations could not be carried out. Because of the small number 
of children examined per school and the individual approach (the children 
were split over different classrooms and various courses) it was not feasible 
to carry out duplicate observations at this age. 
Considering the findings it can be concluded that further investigations 
into reliability were necessary, since the reliability could not be demon-
strated sufficiently by the above mentioned methods. Therefore the reli-
ability of the three variables under study (caries, gingivitis, and plaque) 
was examined with a different method to be described in the next paragraph. 
3.4 Stability over time (IPC-analysis) 
Analysis with the aid of Interperiod Correlation Matrices (IPC) is a 
method suitable for longitudinal studies with repeated observations/ 
measurements between initial and final collection of data. Because of the 
inherent linearity of the sequence of events, this type of analysis can also 
be used for the assessment of reproducibility (van 't Hof and Kowalski, 1979, 
Frencken, 1988). 
3.4.1 Method 
It is obvious that measurements in general are only useful when the 
measurement error (e) is smaller than the real differences between the 
individuals under study (s). In the longitudinal situation however, the 
problem of usefulness of the measurement is more complex. Since developmental 
studies are designed to measure changes over time the usefulness of a 
variable depends on the error (e) compared to differences in true developmen-
tal changes (g). Due to the longitudinal design of the study, both remeasure-
ments and changes over time occurred in the study. Using the interperiod 
correlation matrix analysis the error (e) and the developmental differences 
(g) may be separated. The observations/measurements were taken four times, 
once every two years. For each pair of periods the correlation coefficient 
was calculated. Matrices, containing the correlation for one and the same 
variable between different time of measurement of the variables DzMF-S, D3MF-
S, gingivitis and plaque are presented in Table 3.10. 
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Table 3.10 Interperiod Correlation Matrices for D2MF-S, DaMF-S, gingivitis, 
and plaque. 
Variable DZMF-S D3MF-S 
Age 10 12 14 10 12 14 
8 
10 
12 
0.78 
-
-
0.70 
0.75 
-
0.68 
0.70 
0.77 
0.80 
-
-
0.72 
0.82 
-
0.66 
0.78 
0.84 
Variable Gingivitis Plaque 
Age 8 10 12 14 8 10 12 14 
6 
8 
10 
12 
0.22 
-
-
-
0.18 
0.17 
-
-
0.12 
0.13 
0.14 
-
0.27 
0.08 
0.08 
0.20 
0.30 -
-
-
-
0.22 
0.11 
-
-
0.11 
0.17 
-
0.43 
Correlations of data collected subsequently within a short interval mainly 
express error while correlations with a long interperiod, especially 
developmental differences, are meaningful. When plotting the correlations 
against the time interval in general a decreasing line will be found. The 
intercept (r0) estimates the correlation between observations/measurements 
with an intermediate time of 0 (test-retest correlation) and is associated 
with the observations/measurement error (e). The slope indicates the 
developmental changes (g). It can be demonstrated that: 
r0 = l - eVs
2
 or eVs 2 = 1 - r 0 
and slope = - \g2/s1 or ga/s2 = - 2 χ slope 
Of interest in longitudinal studies is the parameter e2/g2. A value of 
e
2/g2=i means that after one measurement period the error variance equals the 
variance in increments; e2/g2 = 3 means a much greater error. If measurements 
were done on time intervals three times longer than the original intervals 
the error variance would remain e2 but the variance in the increments would 
be 3g2, leading to equal values for the error variance and variance in the 
measurements. The example shows that e2/g2 may be interpreted as the time 
interval necessary to obtain e2=g2 i.e. the measurability interval (the 
interval needed to be able to measure interindividual differences in 
increments). A rough estimate for this measurability interval eVg 2 is 
obtained by calculating (1 - r0)/(- 2 χ slope). 
Finally, the fit to the linear model used in the IPC-analysis may be 
checked using the residual standard deviation (residual SD) around the 
regression line. A low value indicates that the different correlations are 
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close to the line (a good fit) and a high residual SD indicates that the 
various correlations are far from the line, a bad fit, probably associated 
with an inconsistent quality of the data. 
3.4.2 Results 
To visualize these IPC-analyses, the correlations from Table 3.10 and 
their regression lines are plotted in Figure 3.1. 
The D2MF-S and the D3MF-S were good variables with good fits and were 
therefore suitable for further analyses. Plaque measurements were of average 
quality while gingivitis (PBI) was an unsatisfactory variable. Due to daily 
fluctuations, however, the usefulness of the plaque measurements was less. 
The results of the analyses are presented in Table 3.11. 
Table 3.11 Results of further analysis of the Interperiod Correlation 
matrices for D2MF-S, D3MF-S, gingivitis and plaque. 
D2MF-S 
D3MF-S 
Gingivitis 
Plaque 
Test/retest 
correlation 
0.80 
0.92 
0.16 
0.40 
eVs1 
0.20 
0.08 
0.84 
0.60 
gVsJ 
0.05 
0.09 
0.00 
0.08 
Residual 
SD 
0.02 
0.04 
0.06 
0.09 
Measurability 
interval (yrs) 
4 
1 
infinite 
8 
Both caries variables (D^MF-S and D3MF-S) show a good test/retest 
correlation coefficient; 0.80 and 0.92 respectively. On the other hand 
gingivitis and plaque coefficients are not that good, 0.16 and 0.40. This 
indicates that caries is a more suitable measurement than both gingivitis and 
plaque. This is also expressed by the measurability interval. The interval of 
time for the individual differences in increments (g) to reach the same 
magnitude as the measurement error (e) is for caries (D3MF-S l year) below 
the interval of time used for this longitudinal study (e.g. 2 years). 
Interpreting these data one can be practically positive that real caries 
differences are measured instead of differences due to measurement errors. 
With respect to D2MF-S the differences become more uncertain (4 years). 
The measurability interval for the gingivitis score could not be calcu-
lated due to a negative g2/s2 meaning that differences in gingivitis can not 
be measured with the help of these scores. The same holds true for plaque, 
including a measurability interval (8 years). 
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D2MF-S D3MF-S 
2 4 6 8 
Intermediate time in years 
τ 1 1 
2 4 6 8 
Intermediate time in years 
0 4 7 -
0 4 2 -
0 3 7 -
0 3 2 -
0 2 7 -
0 2 2 -
0 1 7 -
0 1 2 -
+ + 
+ 
+ 
I 
+ 
+ + 
+ 
I 
PBI 
+ 
1 
2 4 6 8 
Intermediate time in years 
0 4 7 -
0 4 2 -
0 3 7 -
0 3 2 -
0 2 7 -
0 2 2 -
0 1 7 -
0 1 2 -
0 07 
+ 
+\ 
I 
+ 
I 
Plaque 
+ 
\ 
Νφ 
I I 
2 4 6 8 
Intermediate time in years 
Figure 3.1 IPC-analyses for D2MF-S, D3MF-S, gingivitis, and plaque. 
3.4.3 Discussion 
The results of this reproducibility study are in agreement with those of 
similar studies (Frencken, 1988, Advokaat, 1985). The diagnosis of carious 
lesions is fairly well reproducible in contrast to papillary bleeding (PBI) 
and plaque extent. The low reproducibility of PBI and plaque measurements 
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does not necessarily mean that the measurements per se are difficult to 
perform. The low reproducibility may also be due to daily fluctuations which 
affect the epidemiologic value of the measurements. Therefore the PBI and 
plaque data are not considered very informative. Despite these reservations 
both measurements will nevertheless be studied in further analyses. In the 
case of significant results, it may be concluded that the low reproducibility 
did not jeopardize the analysis. In case of an insignificant result, the 
analysis is not conclusive: either a relationship does not exist, or the low 
quality of data does not permit the conclusion that, with a certain likeli­
hood, there is a relationship. 
3.5 Reliability of the questionnaires 
For the evaluation of the clinical data collected in children participat­
ing in SHEP longitudinal data obtained through biennial examinations could be 
used. However, this was not feasible for the behavioral part of the study. 
Relevant variables could only be measured at the end of the SHEP at age 12. 
For a good interpretation of the final results with respect to the be­
havioral variable a validated measuring instrument is necessary. Validation 
of the questionnaires at age 12 was not highly successful in a first attempt 
(van Weerden, 19Θ4) ; so in this study a new attempt was made to evaluate the 
quality of the data from the questionnaires, especially with respect to 
reliability. For this purpose a variety of questions from the questionnaires, 
concerning knowledge, behavior and attitude related to nutrition and oral 
health, were studied with respect to internal consistency and reliability at 
age 12 and 14, using Principal Component Analysis and Cronbach's a as 
described in the next paragraph. 
3.5.1 Methods 
The Principal Components Analysis (PCA) is a multivariate technique, 
which is based on the assumption that for each subject data were collected 
concerning several latent factors (or factor analysis). The most distinctive 
characteristic of PCA is its data-reducing capability. Given the correlation 
matrix for a set of variables, factor analysis techniques enable us to see 
whether some underlying pattern of relationships exists such that the data 
may be "rearranged" or "reduced" to a smaller set of factors or components 
that may be taken as source variables that account for the observed inter­
relations in the items. 
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As a first step in the PCA the coherence between all measured variables is 
mutually determined, often correlation coefficients are used for this 
purpose. In this pattern of mutual coherencies between all variables one 
searches for clusters of specific variables. These clusters should be 
independent from each other in an attempt to have as few variables as 
possible with the same distinctive information as before. When groups of 
coherent variables are determined they are considered with respect to their 
content and a common characteristic has to be found. The variables within the 
clusters are combined into new variables which are linear combinations of the 
original variables. Such a new composite variable constructed from the 
original variables is called a principal component (PC). The principal 
components are chosen so that they describe as much of the mutual differences 
(variance) and are uncorrelated (orthogonal) to each other. The best linear 
combination of variables is that combination which would account for more of 
the variance in the data as a whole than any other linear combination of 
variables. The first principal component may be considered as the single best 
summary of linear relationships exhibited in the data. So each component is 
defined as the best linear summary of variance left in the data after 
previous components have been isolated. At worst, there are as many principal 
components as original variables necessary to explain all mutual individual 
differences. However, often it appears that only a few components are enough 
to explain a large part of the total variance (Kleinbaum and Küpper, 1978). 
These principal component scores were not used for further analyses. The PCA 
was only used to get insight into the data structure. The final analyses will 
be based on sum-scores of variables from the same component. The quality of 
the sum-scores is studied by means of Cronbach's a , a reliability coeffi-
cient (Hull and Nie, 1979). 
The Principal Components Analysis was carried out on the items concerning 
knowledge, attitude and behavior as described in paragraph 2.2.6. The items 
are to be found in appendix II. For this PCA all the collected data concern-
ing these items of the twelve as well as the fourteen year olds were used in 
order to get more reliable components. 981 Questionnaires were available. 
Because of some missing values in this case this number may incidentally be 
lower. 
Six sections of items were distinguished: knowledge, attitude and behavior 
subdivided by dental health and nutrition, as seen in Table 3.12. The items 
45q and 46v were excluded because they were not asked at age 12. 
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Knowledge 
Knowledge 
Attitude 
Attitude 
Behavior 
Behavior 
A 
В 
С 
D 
E 
F 
Dental Health 
Nutrition 
Dental Health 
Nutrition 
Dental Health 
Nutrition 
8 
10 
7 
7 
10 
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Table 3.12 The total number of items and item numbers according to knowl­
edge, attitude, and behavior subdivided by dental health and 
nutrition. (For item numbers see appendix II). 
Variable Section Subject Total number Item numbers 
of items 
1,2,3,4,5,6,7,8 
9,10,11,12,13,14,15,16,17,18 
19,20,21,22,23,24,50 
25,26,27,28,29,30,31 
36,37,38,39,40,41,42,43,48,49 
32,33,34,35,44,45(a-p),46(a-
u),47 
Total 85 
The first step was to find in each section a principal component, with a 
maximum of four components. With help of the factor loadings the various 
items were arranged in one of the principal components. Sometimes an item did 
not fit in any of the components and was therefore excluded. The first prin­
cipal component extracted from each section has the highest percentage of 
explained variance. This percentage decreases when more components were ex­
tracted. The higher the a the more reliable will be the component. The 
number of valid answers per item varied for each component simply because the 
items were not filled in with the same frequency. 
The second step was to subject the remaining items of each component to a 
reliability analysis by means of Cronbach's a . In this method, one seeks to 
define components that have maximum applicability. This reliability-coeffi­
cient should approach 1.0 for best reliability. To increase Cronbach's a one 
item per component was deleted in some components. The remaining items made 
the final composition of each principal component. Both sections knowledge (A 
+ B) had to be combined because the Cronbach's a of each separate section 
was too low to be acceptable. 
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3.5.2 Results 
All the other sections were subdivided in several principal components as 
shown in Table 3.13. 
For the interpretation of the scores pertaining to the principal com­
ponents it is important to keep in mind that the higher the score, the 
greater was the frequency of the phenomenon. For instance the higher the 
knowledge score the more the children knew, and the higher the sweet score 
the more sweets they ate between meals. 
Because "drinking" contains all sorts of drinks, two parts of the 
principal components "drinking" were introduced as separate components, 
namely "juice" and "milk". Moreover, a component "eating" was created which 
consisted of all sorts of snacks (see Table 3.14). 
Table 3.14 Extra principal components with their description. Alpha = 
Cronbach's a, η = number of valid cases, χ = mean score on the 
created scale, SD = standard deviation. 
PC Description Alpha Item numbers η χ SD 
Juice 
Milk 
Eating 
Different fruit juices 
All sorts of milk/ 
dairy products 
All sorts of snacks 
.65 
.68 
.72 
46 (b-f) 
46 (l,m-q,s) 
45 (a-l,0,p) 
939 
949 
939 
8.93 2.83 
12.03 3.87 
31.63 6.38 
The variables obtained in this way were used as measuring instruments for 
knowledge, attitude and behavior and may be entered in an ANOVA to test for 
differences between experimental and control group. 
3.5.3 Discussion 
The questionnaire was meant to measure several relevant aspects concerning 
knowledge, attitude and behavior of the participants under study. Each item 
was written to match with one of these larger categories of questions. 
However, within each category, it was not clear beforehand which (latent) 
factors would be present, and further analysis was necessary to detect a 
structure in the questionnaire (which had been compiled years earlier); the 
original structure was not available to the present author. Principal 
Components Analysis turned out to yield a good fit. Almost all items could be 
placed in a simple framework of seven factors comprising knowledge, attitude, 
and behavior with respect to dental health and nutrition. The factor 
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Table 3.13 Principal Components with their description as extracted with PCA cut cf all 85 items (see 
Appendix II) subdivided by sections A until F. Pet cf Var = Percentage of variance explained 
by this component; Alpha = Crcnbach's a , η = number cf valid cases, χ = mean score on the 
constructed scale, SD = standard deviation. 
Principal components Description Pet cf 
variance 
Sec­
tion 
Alpha Item numbers η SD 
Knowledge 
Attitude, dental 
Attitude, nutrition A 
Attitude, nutrition в 
Behavior, dental A 
Behavior, dental В 
Behavior, nutrition 
Sweet-eating 
Drinking 
Fruit-eating 
Bread-eating 
Dental health 
and nutrition 
Dental health 
Interest in 
nutrition 
Unhealthy 
nutrition 
Instructed time 
cf brushing 
11.3 
33.4 
35.8 
15.8 
21.2 
A,B 
С 
D 
D 
E 
.53 
.69 
.77 
.24 
.58 
1-18 
19-22,24 
25-27,30 
28,29,31 
38,39,40, 48 
954 
959 
955 
959 
940 
12.77 
6.57 
8.15 
7.16 
14.96 
2.55 
2.05 
1.98 
1.27 
2.67 
General oral 
hygiene behavior 
Mumber cf cens-
sumptiens cf: 
Candies and all 
sorts cf sweets 
All sorts cf 
beverages 
Different types 
cf fruits 
Different types 
of sandwich-filling 
13.2 
13.6 
7.9 
5.5 
4.1 
.35 
.78 
.74 
.65 
.78 
36,37,41,42 949 15.05 2.22 
34,35(a,b,d,]{, 940 20.42 5.07 
η,Ο,ρ),461 
46<a-g,i1 
k-q.s.t.u) 
926 37.88 8.26 
33,45(C,e,j,l) 949 13.89 3.07 
45(f-i) 957 8.40 3.34 
"nutrition behavior", however, was not consistent enough internally; further 
calculations resulted in four factors: sweet-eating, drinking, fruit-eating 
and bread-eating, which were characterized by high avalúes and turned out to 
cover related pertinent items in the questionnaire. The analysis resulted in 
a large number of theoretically interesting and reproducible factors (Cron-
bach'sa > .50) and two factors with a lower reproducibility (Cronbach's a < 
.35). The usefulness of these latter factors is doubtful. The high internal 
consistency does not necessarily lead to the conclusion that a valid 
measurement had been made; for this purpose a validation study would be 
required. 
4 EFFECTS OF THE SCHOOL HEALTH EDUCATION PROGRAM (SHEP) 
4.1 Introduction 
Prior to the current "postintervention" investigation SHEP effects on 
dental health were analyzed cross-sectionally at age 12 (Vogels 1983, Ruiken 
1983). No significant differences could be shown between experimental and 
control group. In addition, overall effects regarding all aspects of SHEP at 
age 12 were examined by van 't Hof et al. (1984). They concluded that no 
effects due to SHEP could be demonstrated in the health or health behavior of 
the children. Since short-term effects were not expected it was decided to 
extend the study. In this chapter the effects of intervention at age 14 will 
be described. 
During the intervention period, the main reason for program drop out was 
moving out of the area of residence. Since the participants were grouped in 
school classes almost nobody refused to be examined for other reasons, due 
to peer pressure. Thus, participation bias is not considered to be a problem 
for the ages 6 through 12 years. 
At age 14, however, the children were spread over various secondary 
schools and many school classes. So there was more reluctance to participate 
in the last examination. In addition, the children reached an age enabling 
them to make their own decisions and were not told by their parents or 
teachers to participate, anymore. The ease with which cooperation could be 
refused possibly lead to selective dropout. 
Before analyzing the data for SHEP effects, it is necessary to detect 
possible selectivity in order to avoid bias regarding participation of SHEP 
versus control children at age 14. 
4.2 Field study concerning the School Health Education Program 
4.2.1 The teaching program 
The experimental SHEP was developed to bring about positive somatic and 
behavioral changes in the target group. In Table 4.1. the order of presenta-
tion of the health topics is summarized. Most topics were dealt with 
biennially except for "safety in traffic" which was conducted annually. 
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Table 4.1 Ages when specific health topics were dealt with in the school 
health education program. 
Age of children (yrs) 6 7 8 9 10 11 12 
Nutrition χ χ χ χ 
Oral health χ χ χ χ 
Personal health care χ χ χ χ 
Physical activity χ χ χ χ 
Safety at home and at school χ χ χ χ 
Safety in traffic χ χ χ χ χ χ χ 
Making use of health services χ χ χ 
Environmental pollution χ χ χ 
The conceptual level of the lessons was commensurate with the stage of the 
children's development. The health topics were incorporated into the curric­
ulum and were taught by the children's teachers. The teachers had a special 
manual (sourcebook) with background information on the various topics and 
specially prepared lessons for the children (Op je gezondheid, curriculum 
1979-1987). Supplemental material was provided for parents to discuss SHEP 
activities with their children at home. 
4.2.2 The measurements 
Health indicators were measured every two years through the age of 12. 
BQiowledge, attitude and behavior of the children were assessed at age 12 and 
14 (Table 4.2). Additionally, background, oral health and dietary pattern 
were subjected to a final check at age 14. 
All examinations were carried out every two years in May and June except 
for background and psychosocial parameters. Background information such as 
health insurance, SES and parents occupation was collected at the start and 
checked at the end of the intervention and at age 14. Data were collected by 
means of a questionnaire as described in Paragraph 2.2.5. For oral health, 
various variables and methods were assessed throughout the years, as shown in 
Table 4.3. 
For plaque, information concerning age groups 6, 8, 12 and 14 is avail­
able. The planimetrie method was applied on all age groups except age 10, 
while the direct method was used only at age 12 and 14 (see 2.2.3). 
Gingivitis was always assessed with the Papillary Bleeding Index although 
the number of teeth and the scoring method were subject to modifications in 
the course of the study. The total mouth as well as the gingival units at 6 
Ramfjord teeth were scored at age 6 and 8 using a four-point scale. 
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Table 4.2 Ages at which background, health parameters, dietary patterns and 
psychosocial parameters were assessed (in May and June of the 
respective years). 
Measurement time 
Age of children (yrs) 
Background 
Health status parameters 
Anthropometry 
Blood parameters 
General health 
Oral health 
Physical activity 
Physical fitness 
1977 
6 
X 
X 
X 
X 
X 
X 
X 
1979 
8 
X 
X 
X 
X 
X 
X 
1981 
10 
X 
X 
X 
X 
X 
X 
1983 
12 
X 
X 
X 
X 
X 
X 
X 
1985 
14 
X 
X 
Dietary pattern 
Psychosocial parameters 
Attitudes 
Behavior 
Knowledge 
Locus of control 
X 
X 
X 
X 
X 
X 
X 
Table 4.3 Sets of oral data collected at age 6 through 14 *, 
- = not collected at that age. 
Age (yrs) 
Parameter Method 
10 12 14 
Caries Marthaler's partial recording 
dmf-s 
DMF-S 
Plaque Planimetrie (mm') 
Direct method, 28 teeth 
score 0-1-2-3 
Gingivitis PBI, 28 teeth 
score 0-1-2-3 
PBI, Ramfjord teeth 
score 0-1-2-3 
PBI, Ramfjord teeth 
score 0-1 
At age 10, 12, and 14, the dichotomous non-bleeding/bleeding scale was 
used on the Ramfjord teeth. (Scales described in 2.2.2). 
In interviews dieticians always assessed dietary patterns in a standard-
ized way (see 2.2.4). Through the years many dieticians were involved but 
the method was based on exact weighing of amounts reported, and variances 
were unlikely. 
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Only at age 12 and 14, the non-somatic parameters were assessed. The 
comparability of the assessment of attitudes, behavior and knowledge could 
be assumed to be optimal by asking exactly the same questions at age 12 and 
14. For the way the questions were compiled and evaluated see Paragraph 3.5. 
4.2.3 Stratification 
For the evaluation of SHEP intervention and applicability of the results 
to the total population of 6 to 14 year olds in the Netherlands it would have 
been desirable to study a random sample of children. This was, however, not 
feasible since school programs have to be evaluated within the framework and 
organieation of schools. Therefore, a stratified cluster design was chosen. 
Since the number of teeth present and the time of exposure in the oral 
cavity is dependent on age, an analysis of age differences in the experimen-
tal groups is imperative. At the end of the program the mean age (years) of 
participants was 12.2 + 0.3 in the experimental group (n=217) and 12.3 + 0.4 
in the control group (n=161). The age of nonparticipants was 12.2 + 0.4 
(n=154) and 12.3 + 0.4 (n=84) respectively. Due to the absence of relevant 
differences; age was not taken into account as a stratification parameter. As 
stratification characteristics sex and SES were considered. The number of 
boys and girls in the two groups is shown in Table 4.4. 
Table 4.4 Number of children according to experiment and sex at age 14. 
Experiment 
Experimental 
Control 
Total 
Boys 
103 (46.8 %) 
76 (47.2 %) 
179 (47.0 %) 
Girls 
117 (53.2 %) 
85 (52.8 %) 
202 (53.0 %) 
Total 
220 
161 
381 
The number of boys and girls was almost the same in both experimental 
group and control group. Within both groups there were a few more girls than 
boys. Finally, the parents' SES was considered. SES related to general 
knowledge (parents education) and financial position (both considered 
decisive factors of dental health behavior) are an important determinant for 
dental health. For determining SES, the education of the parents was used. At 
the start of the study the schools were selected by stratified random 
sampling; strata being chosen according to low, middle and high socio-
economic classes. Therefore SES may be regarded as the main stratification 
criterion in the sample. The distribution of children from the original 5 SES 
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levels in experimental and control schools is presented in Table 4.5. 
Although details about income and occupation were available, it was decided 
to only use education for determination of the SES as follows: 
- very low;people with only basic education 
- low ;people with only lower secondary education 
- middle ;people with advanced elementary education 
- high ;people who attended technical college, vocational teachers college 
- upper ¡people with a university education. 
Table 4.5 Distribution of children according to SES for both experimental 
group and control group at age 14. (Percentages are given between 
brackets). 
SES 
Very Low 
Low 
Middle 
High 
Upper 
Total 
Experimental 
η % 
31 (57) 
88 (56) 
60 (61) 
31 (62) 
7 (44) 
217 (58) 
Control 
η % 
23 (43) 
70 (44) 
38 (39) 
19 (38) 
9 (56) 
159 (42) 
Total 
η % 
54 (14) 
158 (42) 
98 (26) 
50 (14) 
16 (4) 
376 (100) 
4.3 Evaluation 
4.3.1 Evaluation criteria 
To analyze the difference between experimental and control group, four 
aspects were considered. For each aspect the most representative criteria out 
of a great number of possible ones were selected, including: 
Caries - D3MF-S, all surfaces 
Oral hygiene - plaque, all surfaces 
- Papillary Bleeding Index (PBI) all surfaces 
- D3MF-S smooth surfaces 
Nutrition - sweet consumption 
- percentage of energy from basic foods (group I) 
(see 5.5.1) 
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Psychosocial parameters - attitude towards dental health 
- attitude; interested in nutrition (A) 
- attitude; awareness of unhealthy nutrition (B) 
- behavior, dental; time of brushing (A) 
- behavior, dental; general oral hygiene (B) 
- sweet-eating habits 
- fruit-eating habits 
- bread-eating habits 
- drinking-habits 
This came to 16 essential variables tested. The total D3MF-S score (all 
surfaces) was chosen as being representative for caries. It was regarded to 
be the most accurate caries score since all surfaces were included; and 
dentinal lesions (D3) are easier to diagnose unequivocally than enamel 
lesions (D2). For "oral hygiene" plaque and gingivitis scores were chosen. 
Both these scores give an indication of the oral hygiene only for a specific 
moment. Therefore the D3MF-S score of smooth surfaces was used as "oral 
hygiene" parameter, since these surfaces usually decay only because of bad 
oral hygiene. Sweet consumption was taken as a measurement for "nutrition" 
because SHEP emphasized the (ab)-use of sweets. As a measure of conscientious 
food choice the percentage energy derived from healthy food, "group I" (En% 
group I) was taken into account (see 5.5.1). 
Finally, knowledge, various attitude scores and behavior scores (described 
in section 3.5) were used to measure psychosocial parameters. Note that sweet 
consumption and percentage energy of basic healthy food figures originate 
from the 24-hour recall data; nutrition behavior information was collected 
via questionnaire. 
4.3.2 Nonparticipation 
Up to 12 years of age the children stayed at their elementary school and 
nonparticipation may be considered to be non specific. Moving from the area 
caused most dropouts. Those children who stopped participating at age 14 are 
defined in this study as nonparticipants. The degree of participation and 
specified reasons for nonparticipation are discussed in 2.1.3. The 14 year 
age group is discussed in this chapter. Possible selectivity of (non)par-
ticipation must be studied on the data collected at age 12, assuming that the 
reason for nonparticipation at age 14 was already included in the data 
gathered at age 12. 
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Nonparticipation in relation to the stratification parameters was tested 
using ANOVA. As entrances, sex, SES and SHEP were considered for testing. For 
the SES the original five point scale was used; very low, low, middle, high 
and upper class. The SES and SHEP turned out to have significant influence 
on participation (Table 4.6). 
Table 4.6 Test results on 12 year olds for participation in examinations on 
age 14 for sex, SES and SHEP (ANOVA). 
Influence Significance level1 
Sex 
SES * 
SHEP * 
Interactions 
1
 see Table 2.7 
The most important question was whether selectivity affected the sample in 
a sense that highly unequal numbers of children from both groups participated 
in the final examinations. In fact, the unfavorable situation had arisen 
that children from the control group were more inclined than "SHEP-children" 
(Table 2.4) to participate in the follow-up study at age 14 (reference Table 
4.7). 
Table 4.7 Participationrate specified according to SES and SHEP; η = number 
of participants at age 14, % = percentage of total participants 
per experimental group. (Between brackets the percentages of 
participation according to SES). 
Health SES Very Low Middle High Upper Total 
education low 
Experi­
mental 
Control 
Total 
η 
% 
η 
% 
η 
% 
31 
45 
23 
53 
54(15) 
48 
88 
56 
70 
68 
158(42) 
61 
60 
67 
38 
73 
98(26) 
69 
31 
67 
19 
70 
50(13) 
68 
7 
54 
9 
64 
16(4) 
59 
217 
58 
159 
67 
376(100) 
In all SES levels there was a higher degree of participation of control 
children. The SES includes that the groups with the highest participation 
were found to be in the middle and high SES classes, in which almost 70% were 
permanent participants respectively. In the lowest SES class, slightly less 
than half of the sample (481) remained participants. This is no problem since 
all analyses correct for differences in SES. The various socio-economic 
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classes (SES) were represented in experimental and control groups fairly 
evenly at the start of the project. As it turned out that the highest and 
lowest categories were represented very poorly (4% and 15% respectively) it 
was decided to distinguish only in three categories, low (includes very low 
and low), middle and high (includes high and upper) SES. With these catego­
ries all further analyses were carried out. 
To analyze differences between participants and nonparticipants at age 14 
the same essential variables as mentioned in section 4.3.1 were used, how­
ever, it was based on data collected at age 12. An ANOVA controlling for 
SHEP, SES and sex was carried out on these variables. The test results are 
shown in Table 4.8. 
Table 4.8 Test results (ANOVA) for participation effects with respect to the 
essential variables measured at age 12. 
Parameter Variable Significance1 
Caries D3MF-S *** 
Oral hygiene Plaque 
PBI 
D3MF-S smooth 
Nutrition Sweet consumption 
En % group I * 
Psychosocial parameters Knowledge ** 
Attitude, dental 
Attitude, nutrition A 
Attitude, nutrition В ** 
Behavior, dental A 
Behavior, dental В 
Sweet-eating habits *** 
Fruit-eating habits * 
Bread-eating habits 
Drinking habits 
1
 see Table 2.7 
The results show participation effects on caries, percentage energy from 
group I, knowledge, attitude nutrition B, and sweet- and fruit-eating habits. 
The caries effects consisted of a significant difference in DaMF-S-scores. 
In Table 4.9 the average D3MF-S score in the total mouth for participants and 
nonparticipants by SES are presented for 12-year olds. It was found that 
children belonging to the nonparticipants had significantly higher mean D3MF-
S scores than those belonging to the participants. The highest mean D3MF-S 
scores were found in the low SES group among 12-year olds, while the lowest 
mean scores were found among the high SES-group. 
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Table 4.9 Mean D3MF-S scores of all surfaces for participants (P) and non-
participants (NP) and SES at age 12; SD = standard deviation; 
η = number of children. 
SES Low Middle High Total 
χ SD η χ SD η χ SD η χ SD η 
DaMF-S Ρ 
NP 
4.1 3.9 209 
5.8 6.5 153 
2.6 3.5 97 
4.2 3.9 43 
1.7 2.4 66 
2.5 2.8 33 
3.3 3.7 372 
5.0 5.8 229 
The nutrition aspect revealed a significant difference in the percentage of 
energetic contribution of healthy foods for participants and nonparticipants. 
The participants (n=367) ate more from these valuable basic (good) foods than 
the nonparticipants did, with respective scores of 14.3 and 12.1. 
One out of two nutritional-attitude factors and the knowledge factor 
provided significant differences. Dental attitude and dental behavior factors 
showed no participation effects. From the seven non-somatic factors (see 
section 3.5) used to determine the difference in nutritional behavior, two 
factors were significant, sweet-eating and fruit-eating habits. The mean 
scores and significance level of the effective factors are presented in Table 
4.10. 
Table 4.10 Mean scores of knowledge and attitude and behavior factors in 
participants and nonparticipants. 
Factor Participants Nonparticipants 
Knowledge 
Attitude towards 
unhealthy nutrition (B) 
Eating sweets 
Eating fruits 
12.5 
7.5 
19.8 
14.3 
11.9 
7.3 
21.4 
13.7 
Standard deviations are given in Table 3.13 and 3.14. 
From this paragraph it may be concluded that nonparticipants (compared to 
participants) 
- had higher D3MF-S scores 
- ate more healthy foods 
- were less knowledgeable 
- were more indifferent towards unhealthy foods 
- ate more sweets 
- ate less fruits 
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Thus, the final participants seem to have been a selected group, and they 
behave more in accordance with the goals of the SHEP than nonparticipants. 
Taking into account the selectivity with respect to the experimental variable 
(experimental versus control group), the problem of confounding in estimating 
the SHEP effect is evident. The only way to overcome this confounding problem 
seems to be poststratification according to the criteria for which selectiv­
ity was observed (Bethlehem and Kersten, 1986). The concept of poststratifi­
cation is explained in the following sections (4.3.3 and 4.3.4) 
4.3.3 Poststratification 
The essential variables measured at the age of 12 years were tested for 
differences between participants and nonparticipants at age 14, taking into 
account the two strata in the study (sex and SES) including a 3-way ANOVA. 
Several variables were found to be associated with participation at age 14, 
thus implying selection. 
Ignoring the selectivity in participation would lead to bias in estimation 
of the SHEP-effect at age 14. In order to avoid bias a so-called poststrati­
fication procedure had to be applied (see section 4.3.4). 
The variables for which selectivity by participation was established, 
define new strata (poststrata) for the children. These strata may be combined 
into one (nominal) poststratification variable P. The construction of this 
post-stratification criterion Ρ is done as follows: 
The 6 significant variables (Table 4.8) are mutually correlated to some 
extent. Factor analysis has been applied, in order to find a suitable number 
of dimensions underlying these variables. Two dimensions gave the most 
efficient description of the set of variables. In accordance with the 
results of the factor analysis; two new variables were constructed i.e. oral 
habits (D3MF-S, knowledge, fruit-eating habits) and nutrition (attitude B, 
sweet-eating habits and choice for healthy foods) by means of sum-scores. In 
order to make the scales of the variables, standard deviation scores (z-
scores) were calculated. The two new variables were calculated as the mean z-
score of the corresponding variables of the two factors. As could be expected 
from the factor analysis these constructed variables ("oral habits" and 
"nutrition") do not correlate (Figure 4.1). It was decided to use a split up 
according to the mean value in order to obtain the final poststrata at four 
levels (the quadrants in Figure 4.1). 
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Figure 4.1 Scatter diagram of the constructed variables "oral habits" and 
"nutrition" defining the 4 post stratification strata (P=l, P=2I 
P=3 and P=4) 
4.3.4 Statistical Poststratification Procedure 
The statistical analysis has to concentrate on SHEP effects measured at 
age 14 in the presence of selection by participation. This selectivity 
concerns the experimental groups and several evaluation criteria. This means 
that participation may be considered to be a confounder possibly introducing 
spurious SHEP-effects. In order to correct for this confounding a poststra-
tification procedure was applied as follows: The two usual strata (sex and 
SES) were combined into one stratum variable S including 6 levels (Si = male 
low SES, Sz = female low SES, , SB = female high SES). The variable to be 
evaluated for SHEP-effects is denoted by the evaluation criterium X and is 
assumed to be sufficiently normal distributed. The experimental variable is 
dichotomous, children either belonging to the SHEP-group (E=EXP) or the non-
SHEP-group (C=CONTR). The procedure applied may be regarded as a 3-way ANOVA 
(Sex, SES, EXP/CONTR) of X measured at age 14, weighted by the sample sizes 
at age 12 for the post stratum P. In the usual statistical packages (eg. SAS, 
1985) such a weighting procedure may be carried out by testing complicated 
"contrasts". This procedure is discussed in further detail. For each stratum 
(Si up to Ss) the statistics necessary for the estimation of the correspond-
ing SHEP-effeet are presented in Table 4.11. 
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Table 4.11 Appropriate statistics for the estimation of the SHEP-effect in 
a stratum. N = number, X = variable to be evaluated; S = standard 
deviation; E = EXP = experimental; С = CONTR = control. 
Age Group Post- Post- Post- Post- Total 
stratum stratum stratum stratum 
P=l P=2 P=3 P=4 
EXP 
12 yr 
CONTR 
EXP 
14 yr 
CONTR 
number 
number 
mean 
S 
number 
mean 
S 
number 
В« 
Ncx 
Χ Ε Ι 
s
=l 
nE1 
Xci 
Sci 
Псі 
N E 2 
N C 2 
X E Z 
S E Z 
n E 2 
X c
z 
S C 2 
Пег 
N E 3 
N C3 
Х Е Э 
S E 3 
n E3 
Хсэ 
Sea 
Псз 
Ne« 
Ne* 
X E« 
S E4 
n E 4 
X C 4 
5
СЛ 
Пс* 
N E 
N
c 
X E 
sE 
n E 
Xe 
Sc 
Пс 
Since the participation was selective with respect to the poststratum (Ρ), 
the sample sizes at age 12 (NEI, »Ne«) were not proportional to the 
corresponding sample sizes at age 14 (nE1, , rie*). The mean values ΧΕΙ 
(etc.) may be regarded as good estimates for the expectation of X in the 
corresponding substratum, assuming that there is no difference between 
participants and nonparticipants at age 14 within each substratum (eg. 5
Л
, 
P=2). This assumption cannot be verified from the data. For this reason the 
final estimates of the SHEP-effects must be regarded as improved rather than 
"unbiased". 
The uncorrected estimate of the SHEP-effect in the considered stratum is 
XE-XC, where the poststratum is neglected. The correction includes the 
replacement of ПЕЛ., , Пс* by N E 1 | , Ne*, respectively, for the 
calculation of the SHEP-effect. The actual sample sizes ПЕІ., Пс« are still 
necessary for the calculation of the error in the estimate. 
The corrected mean for the EXP group is calculated as: 
X E' = [NEI/N E . ΧΕΙ] + [NE 2/N E . X E 2 ] + № Е З / Ы Е . ХЕз ] + [ΝΕΛ/ΝΕ . ΧΕ<1 ] 
and corresponding e r r o r var iance i s 
v a r ( x E · ) = [ ( Ï W Ï k ) * . S ^ V i W ] + K N ^ / N E ) 2 . 5 Е 2 2 / П Е 2 ] + [(NE3,/NE)* . 
3
Е
з
2 / п
Е
з І + [ (Ν
Ε Λ
/Ν
Ε
) 2 . S E 4 2 / n E 4 ] 
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The corrected mean for the CONTROL group is calculated as: 
Xc» = [Nd/Nc . XcJ + [N C 2/N C . Хсг] + [Nes/Ne . Хсз] + [Nc/Nc . Xc^] 
corresponding error variance is 
Var(Xc:') = [(Nczi/Nc) 2 . S c i 2 / П е т ] + [ ( N C 2 / N C ) 2 . Зсг Псг] + [(Ысз/ТЯс)2 
5 ο 3 2 / ΐ ν : 3 ] + tWe^/Nc:)2 . S e . ' / l l c * ] . 
The corrected SHEP-effect in the stratum is now calculated as: 
SHEP-effect Xc'. 
In accordance with the normal ANOVA-procedure the variances within groups 
s Ei
2
, ,s C4
2
 are taken as estimates of one common residual variance (homo­
schedasticity). This common variance (S2)is estimated by the pooled variances 
over all 6x4x2=48 cells. Assuming homoschedasticity the error variance e2 in 
the corrected SHEP-effect is: 
Γ(Ν
Ε 1 /N E)
2/n E 1 + (N E 2/N E)
2/n E 2 + (N E3/N E)
2/n E 3 + 
·] 
The procedure continues by combining the results of strata (Si....Se) into 
one final estimate by a weighted mean of the effects, weighted according to 
the corresponding reciprocal error variances (minimal variances estimated). 
The error in the weighted mean is calculated as usual in weighting proce­
dures. The test of the presence of a overall SHEP-effect may be done by a t-
test (t = effect/error) for which the number of degrees of freedom equals 
the number of degrees of freedom of S2 depending on the number of children. 
This procedure and an additional test of interactions is detailed in Table 
4.12. 
Table 4.12 Schematic results of the SHEP-effect estimation per stratum. 
Stratum Sex SES Estimated 
SHEP-
Εχχ 
E,, 
E« 
E21 
E 2 2 
Е2з 
-effect 
Error 
variance 
e,.
2 
βι*
1 
баз
2 
e 2i
2 
e 2 2
2 
е 2з
2 
Si 
s 2 
S3 
s» 
s 5 
Se 
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The final SHEP-effect E is estimated as: 
E = Σχ/ΒαΙ Ε ± ί in which Ψ = Σ^/βυ
2 
V 
The error variance e2 in E i s given by: 
2
 e±i' = ^ / в і і і 
ν 
where t-value of testing the SHEP-effect: t = E/e 
and 95% confidence interval for the SHEP-effect = E + 2e. 
This test and the calculation of the confidence interval (CI) is based on 
the assumption of homogeneity for the SHEP-effect over all strata (i.e. the 
absence of interaction). Interactions may be tested using the ordinary t-test 
as follows: 
To test interaction between SHEP and sex, all SHEP-effects for males were 
combined into E™ (weighted mean of the odd strata) and for females E
r
 (the 
even strata) and the corresponding error variances (e
m
2
, e,
2
 respectively). A 
difference in SHEP-effect between males and females may be tested using the 
t-value: 
t = (Em-ErJ/vten,1 + e,2) depending on the standard number of degrees of 
freedom. In the same way differences in SHEP-effects between SES-levels may 
be tested. If more than one test had to be done, the Bonferroni correction 
was applied. 
4.4 SHEP effects 
The SHEP effects and interactions were tested according to the post-
stratification procedure explained in section 4.3.4. The test results on the 
main effects are given in Table 4.13. The number of significant interactions 
of SHEP with sex or SES was too low (7 out of 112 first order interactions 
tested) to be considered further. 
In total 32 tests on main effects were carried out resulting in four 
significant effects in psychosocial parameters and only one significant 
effect apart from the psychosocial parameters, PBI. The difference was not 
relevant and perhaps significant only by chance. In order to avoid false 
positive conclusions about effects of health education the conclusion must be 
that SHEP effects on health and behavioral indicators can not be demonstrated 
clearly. 
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Table 4.13 Test results (ANOVA) for SHEP effects with respect to the essen­
tial variables measured at age 14 and between age 12 and 14. 
Aspect Variable SHEP effect 
at age 14 
Δ SHEP effect 
12-14 years 
Caries 
Oral hygiene 
Nutrition 
Psychosocial parameters 
D3MF-S 
Plaque 
PBI 
D3MF-S smooth 
Sweet consumption 
En % group I 
Knowledge 
Attitude, dental 
Attitude, nutrition A 
Attitude, nutrition В 
Behavior, dental A 
Behavior, dental В 
Sweet-eating habits 
Fruit-eating habits 
Bread-eating habits 
Drinking habits 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
0.01 
0.001 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
0.003 
NS 
NS 
NS 
0.001 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
0.03 
NS 
Regarding psychosocial aspects some significant effects were found which 
may be the real effect of SHEP. One has to keep in mind, however, that these 
psychosocial parameters may be overestimated since they were measured by the 
group of investigators who also had developed the SHEP. The validity of the 
measurement instruments (questionnaires) in such a case is doubtful. There­
fore the results have to be interpreted with caution. 
Most interesting in this context is the development of the variable 
"knowledge" since this is the first point of action of the SHEP. The mean 
values at age 12 and 14 for both experimental and control group are given in 
Table 4.14. 
Table 4.14 Mean scores at the age of 12 and 14 and increments of knowledge 
according to experiment. A SHEP effect was adjusted for indepen­
dent variables. 
Factor Age Experimental Control 
Knowledge 12 
14 
Δ SHEP effect 
X 
12.82 
13.37 
0.65 
η 
197 
217 
196 
X 
12.15 
13.75 
1.60 
η 
141 
160 
149 
It is obvious from the table that the experimental group at age 12 
possessed slightly more knowledge than the control group. But at age 14 the 
control group has caught up to this level and seemed to have even more 
knowledge than the children who received a School Health Education Program 
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for six years. So, at age 14 the benefit of the previous lessons is ques­
tionable with respect to knowledge. 
4.5 Discussion and conclusion 
The data on which the analyses in Chapter 4 are based show many charac­
teristics of field studies which were designed for practical rather than for 
scientific reasons: a heterogeneous (educational) program rendered the 
"intervention" a multitude of incongruous influences towards general rather 
than specific goals ("more safety in traffic", "better oral hygiene", and so 
on); changes over time of some periodontal health measurement methods; 
numerous dropouts and, of those participating through the whole study 
period, many subjects who missed one or more examinations. 
An inherent difficulty was the long term character of any changes to be 
expected from a health education program, since clear-cut results failed to 
show immediately after the end of the elementary school program (Ruiken, 
1983, Vogels, 1983), the decision was made to follow up on the subjects in a 
two-year postintervention period. As expected, problems arose: not all 
children could be motivated to show up for reexamination at age 14, and those 
not participating were a select group with characteristics which were 
expected i.e. they had more dental decay, they knew less about food and 
health, they were feeding themselves with food of low quality and were 
indifferent in their attitude towards unhealthy food. In one respect the 
characteristics were unexpected i.e. nonpartiсipants claimed to be eating 
more food which was classified as having predominantly favorable effects on 
health, e.g. water, skin milk, bread from unrefined grain products and so on. 
This seems to contradict the fact that these children preferred sweets to 
fruit as snacks between meals. However, this unexpected phenomenon may be 
explained by the fact that the group of basic food in the classification used 
(Cramwinckel et al., 1985) contains only a few items, and it may be a chance 
finding that this group ate more of them. Moreover the information concerning 
this attitude was collected at age 12. Nevertheless, the problem of confound­
ing in an estimate of the real effects of health education became evident, 
and poststratification procedures were applied in order to introduce a valid 
basis for the postintervention study in the 14-уеаг old children. Finally it 
became obvious that no clear-cut effects of the school health education on 
health and behavior could be demonstrated. A significant SHEP effect on 
knowledge at age 12 had disappeared at age 14. 
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Since not even knowledge of facts was conspicuously better in the 
experimental than in the control group, it was considered justified to expect 
no real differences in attitudes and behavior (which must be expected to 
change dependent on better knowledge). Consequently, it was decided not to 
continue with further analysis of psychosocial parameters. 
The general conclusion from the results of the postintervention analysis 
is that differences between experimental and control children were insig-
nificant and not different from "background noise" (Moltzer and de Vries, 
1985) at a time when health consciousness became a secular trend not only in 
high SES groups but in the Dutch population in general (Kalsbeek, 1982a; Kok, 
1986; Jonkers et al., 1988). For this reason it seemed justified to regard 
the original experimental sample as a random sample in so far as a study of 
epidemiological characteristics was concerned. 
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5 LONGITUDINAL EPIDEMIOLOGICAL RESULTS 
5.1 Introduction 
In Chapter 4 only small, predominantly chance differences could be 
demonstrated between experimental and control group. For this reason and the 
arguments given in Chapter 1 and 4, this subdivision of the sample was 
dropped in the following analysis of longitudinal epidemiological results. 
The distribution of children by SES and sex is shown in Table 5.1. Since 
the SES was not likely to change over the years, a subdivision according to 
age was not made. Although there were roughly as many boys as girls (47% 
versus 53%) there were more girls participating in the low and middle SES 
groups and more boys in the high SES groups. In total 381 children could be 
identified as "participating" in the final examination (Table 2.3) and were 
examined (179 boys and 202 girls). This uneven sex distribution was taken 
into account, and a correction for sex was made whenever necessary. 
Table 5.1 Number of children subdivided according to SES and sex. (Per­
centages in brackets). 
SES 
Low 
Middle 
High 
Total 
Boys 
96 (44.2%) 
48 (49.0%) 
35 (53.0%) 
179 (47.0%) 
Girls 
121 (55.8%) 
50 (51.0%) 
31 (47.0%) 
202 (53.0%) 
Total 
217 (57.0%) 
98 (25.7%) 
66 (17.3%) 
381 (100%) 
Age and state of eruption determine the number of teeth/surfaces at risk. 
Therefore, the number of children subdivided according to age is presented in 
Table 5.2. 
Table 5.2 Mean age in years (x + SD) and number of children per age group 
according to sex. 
Age group 
Sex 6 8 10 12 14 
x+SD 
Boys η 
X+SD 
Girls η 
X+SD 
Total η 
6.2 + 0.3 
113 
6.2 + 0.3 
130 
6.2 + 0.3 
243 
8.3 + 0.4 
174 
8.2 + 0.3 
193 
8.2 + 0.4 
367 
10.3 + 0.4 
174 
10.2 + 0.3 
199 
10.2 + 0.4 
373 
12.3 + 0.4 
176 
12.2 + 0.3 
201 
12.2 + 0.4 
377 
14.4 + 0.4 
178 
14.3 + 0.3 
203 
14.3 + 0.4 
381 
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In boys and girls of about the same chronological age exfoliation of 
deciduous teeth in girls and eruption of permanent teeth tended to be ahead 
of the boys. From an orthodontic point of view it is interesting to classify 
according to the number of deciduous teeth left after the first phase of 
shedding (which involves the incisors) leaving 12 remaining deciduous teeth. 
These are lost over a much longer period of time, normally between the ages 
10 and 14. Because of this pattern, the numbers of remaining deciduous teeth 
were divided into a number of categories; the frequencies and percentages of 
persistent deciduous teeth are presented in Table 5.3 for the children at the 
respective ages at which they were examined. 
Table 5.3 Number of deciduous teeth present according to age and sex. f = 
frequency, N = number of deciduous teeth present. 
Age 8 years 10 years 12 years 14 years 
Boys Girls Boys Girls Boys Girls Boys Girls 
N f % f % f % f % f % f % f % f % 
0 
1-3 
4-6 
7-9 
10-11 
12 
13-14 
>15 
Total 
1 0.6 1 0.5 
6 3.4 3 6.8 
22 12.6 23 11.9 
26 14.9 43 22.3 
53 30.5 79 40.9 
43 24.7 22 11.4 
23 13.2 12 6.2 
174 193 
8 4.6 27 13.6 
18 10.3 35 17.5 
23 13.2 33 16.6 
34 20.0 35 17.6 
44 25.3 46 23.1 
44 25.3 22 11.1 
3 1.7 1 0.5 
174 199 
80 45.5 131 65.2 
35 19.9 40 19.9 
30 17.0 16 7.9 
16 9.1 11 5.5 
12 6.8 3 1.5 
2 1.1 - -
1 0.6 - -
176 201 
155 87.1 189 93.1 
18 10.1 11 5.4 
4 2.2 3 1.5 
1 0.6 - -
178 203 
It seemed to be irrelevant to present the age 6 data, since there are 
hardly any deciduous teeth lost. At age 8, most boys and girls had 12 
deciduous teeth present. This percentage was a little lower at age 10 for the 
boys, whereas the girls had lost a considerable number of deciduous teeth 
between age 8 and 10. 
The majority of the 12-year old girls (65.2%) had lost all deciduous teeth 
left while only 45.5% of the boys had completed their shedding. One of the 
14-year old boys had as many as 8 deciduous teeth left, while the maximum in 
girls of this age was 5. At age 14, nearly all boys (87.1%) and girls (93.1%) 
had a full set of permanent teeth, except third molars. Of the deciduous 
teeth still present at age fourteen 68.0% were sound, compared to 77.0% of 
the deciduous teeth at age 8. 
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5.2 Dental findings 
From an epidemiological point of view, the number of teeth/surfaces 
erupted is of fundamental importance for the interpretation of clinical 
observations. The reason is obvious: only after eruption a tooth/surface is 
exposed to the oral environment and its demineralizing (cariogenic) and 
remineralizing influences. Since the number of erupted teeth is different for 
different age groups, and individuals within these age groups, all caries 
data must be considered in the context of the state of eruption. 
5.2.1 Tooth eruption 
In the current investigation, the state of eruption may explain findings 
which cannot be understood unless the number of surfaces/sites at risk is 
known exactly. Moreover, the state of eruption of permanent teeth, as well as 
the state of shedding of deciduous teeth may be interesting also from an 
orthodontic and pedodontic point of view. First of all in Table 5.4 the 
average number of teeth and surfaces examined per child is given for the 
respective age groups. 
Table 5.4 Average number of permanent teeth and surfaces examined per child 
present at ages 8 through 14. 
Age 
8 
10 
12 
14 
η 
367 
373 
377 
381 
Mean number 
teeth 
χ SD 
11.0 + 2.2 
16.0 + 4.5 
24.0 + 4.5 
27.2 + 1.5 
of Mean number of 
surfaces/sites 
χ SD 
41.2 + 5.9 
53.8 + 12.2 
78.1 + 14.8 
89.4 + 5.2 
The maximum possible number of permanent teeth is 28. Since partial 
recording was applied, not all but only 92 selected surfaces were inspected 
(refer to 2.2.1). At age 8 there were about 11 teeth to be examined while the 
average number was increased to 27 teeth present at age 14. 
Tables 5.15, 5.16 and 5.17 (later in this chapter) will show that there 
are for example fewer sound smooth surfaces in children from a high SES group 
than in low SES children. This is a paradox in the sense that in general 
caries prevalence was found to be lower in high SES than in low SES children 
(refer to Figure 5.1 and 5.2). The explanation is found in the number of 
deciduous teeth still present (which was higher in high SES children) and in 
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the number of permanent teeth that have not yet erupted. The total number of 
both types of condition (7, permanent tooth not present; 8/9 deciduous tooth 
still persisting) is listed in Table 5.5 as S, representing the sum of all 
permanent sites which were not available for examination. No clear differen­
ces could be detected when all types of teeth in the premolar/molar region 
were analyzed together (Table 5.5). 
Table 5.5 Total number of sites of all permanent teeth not yet erupted 
while respective deciduous teeth are already lost (7). Separate­
ly, number of sound, carious or filled deciduous surfaces still 
present (8,9). Third column represents total number of surfaces 
of all permanent teeth not yet erupted (S=7+8+9). Av = average 
number of surfaces per child, SD = standard deviation. SES; 
(L=Low, M=Middle, H=High). 
Age 8 10 12 14 
7 8/9 S 7 8/9 S 7 8/9 S 7 8/9 S 
L Αν 
SD 
M Αν 
SD 
Η Αν 
SD 
2 4 . 2 
5 . 1 
2 2 . 9 
3.7 
2 2 . 7 
3.6 
2 5 . 9 
7 . 0 
2 8 . 2 
5 . 9 
3 0 . 3 
5.8 
5 0 . 1 
5.6 
5 1 . 1 
5.5 
5 3 . 0 
6.8 
2 0 . 8 
6 . 8 
2 1 . 0 
4.5 
2 0 . 3 
3.7 
15.5 
9.9 
1 9 . 2 
8.4 
21.7 
7.8 
36.3 
1 3 . 2 
4 0 . 2 
1 0 . 4 
42.0 
9.4 
8 . 2 
8.9 
8 . 9 
8 .6 
10.8 
9 . 4 
3 .9 
6.6 
5 .6 
7 .9 
8 . 2 
9 .7 
1 2 . 1 
13.5 
14.5 
14 .7 
1 9 . 0 
17.5 
1.8 
3.7 
1.6 
3 . 3 
2 .5 
4 .4 
0.6 
2.5 
0 . 4 
1.6 
1.1 
2 .9 
2 .4 
5 . 1 
2 .0 
4 . 3 
3.6 
5 .8 
However, the situation at ages 10 and 12 indicates that it may be worth­
while to look at individual types of teeth, or surfaces in types of teeth as 
presented in Tables 5.6 for age 10 and 5.7 for age 12. The number of not yet 
erupted tooth surfaces/sites was considerably higher in the high SES children 
than in the medium and low SES children, especially in the lower jaw: Table 
5.6 with data at age 10 shows that for all types of positions the group of 
high SES children had more deciduous molars left and fewer not yet erupted 
permanent teeth. This tendency continued at age 12 although the differences 
between the various SES groups became less at increasing age (Table 5.7). 
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Table 5.6 State of eruption of premolars: number of not yet erupted 
examined surfaces of different types of teeth at age 10 according 
to SES. Τ = type of tooth, 7 = number of surfaces not yet 
erupted, 8/9 = number of deciduous surfaces still present. 
SES Τ 1 7 Τ 1 8/9 SES Τ 1 7 Τ 1 8/9 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
15 
14 
45 
44 
0.22 
0.06 
0.14 
0.11 
0.19 
0.12 
0.62 
0.31 
0.05 
0.37 
0.19 
0.00 
55 
54 
85 
84 
2.03 
2.50 
2.59 
1.08 
1.27 
1.54 
1.73 
2.28 
2.54 
0.86 
1.13 
1.51 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
25 
24 
35 
34 
0.23 
0.13 
0.05 
0.13 
0.10 
0.03 
0.61 
0.31 
0.23 
0.34 
0.19 
0.03 
65 
64 
75 
74 
1.99 
2.56 
2.72 
1.11 
1.23 
1.54 
1.76 
2.31 
2.45 
0.78 
1.21 
1.39 
1
 FDI two-digit system 
This table shows that the higher the SES group the more deciduous teeth 
were still present. This phenomenon was consistent in all types of teeth and 
locations. On the other hand, the number of not yet erupted surfaces was 
lowest in high SES children. At age 12 the same general pattern can be seen. 
However, regarding second permanent molars the high SES groups had fewer 
erupted surfaces than the low and middle SES groups. This difference was not 
significant, however, clinically relevant considering the number of surfaces 
at risk. Again there was no difference to be demonstrated between left/right. 
From the average number of sites examined and present in the premolars and 
second permanent molars given in Table 5.6 and 5.7 the percentages of teeth 
of each type and quadrant were calculated and are shown in Tables 5.8 and 
5.9. Of the second molars, 5 susceptible sites were examined, so that for 
example 2.08 sites equals 42 per cent of upper right second molars erupted at 
age 12. In second premolars, 3 sites were examined; in first premolars, 2 
sites (refer to section 2.2.1). In general, at a given age, more teeth were 
erupted in the upper than in the lower jaw. In the upper jaw, the range and 
the variation were smaller than in the lower jaw. 
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Table 5.7 State of eruption of premolars and permanent molars: number of 
not yet erupted examined surfaces of different types of teetb at 
age 12 according to SES. Τ = type of tooth, 7 = number of 
surfaces not yet erupted, 8/9 = number of deciduous surfaces 
still present. 
SES Τ 1 7 Τ 1 8/9 SES Τ 1 7 Τ 1 8/9 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
17 
15 
14 
47 
45 
44 
2.08 
2.32 
2.73 
0.04 
0.06 
0.09 
0.16 
0.12 
0.03 
1.44 
1.46 
2.42 
0.26 
0.16 
0.05 
0.16 
0.08 
0.03 
_ 
55 
54 
_ 
85 
84 
0.78 
0.87 
1.32 
0.18 
0.27 
0.55 
0.52 
0.96 
1.23 
0.10 
0.21 
0.46 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
27 
25 
24 
37 
35 
34 
1.84 
1.86 
2.65 
0.07 
0.09 
0.05 
0.19 
0.10 
0.09 
1.22 
1.55 
2.27 
0.30 
0.25 
0.05 
0.11 
0.10 
0.09 
_ 
65 
64 
_ 
75 
74 
0.72 
0.93 
1.18 
0.17 
0.29 
0.55 
0.55 
0.90 
1.09 
0.11 
0.25 
0.36 
1
 FDI two-digit system 
Table 5.8 State of eruption of premolars: percentage of erupted (e) and not 
yet erupted teeth of different types at age 10 according to SES. 
Τ = type of tooth, 7(1) = percentage of teeth not yet erupted, 
8/9(%) = percentage of deciduous teeth still present. 
SES Τ 1 e(%) 11%) Τ 1 8/9U) SES Τ 1 e(%) 7(%) Τ1 8/9(%) 
L 
Μ 
Η 
L 
Μ 
Η 
L 
Μ 
Η 
L 
Μ 
Η 
15 
14 
45 
44 
25 
15 
9 
41 
27 
17 
21 
14 
13 
39 
35 
25 
7 
2 
5 
5 
9 
6 
21 
10 
2 
18 
9 
0 
55 
54 
85 
84 
68 
83 
86 
54 
64 
77 
58 
76 
85 
43 
56 
75 
L 
Μ 
Η 
L 
Μ 
Η 
L 
Μ 
Η 
L 
Μ 
Η 
25 
24 
35 
34 
26 
11 
7 
39 
33 
21 
21 
13 
10 
44 
31 
29 
8 
4 
2 
6 
5 
2 
20 
10 
8 
17 
9 
2 
65 
64 
75 
74 
66 
85 
91 
55 
62 
77 
59 
77 
82 
39 
60 
69 
64 
Table 5.9 State of eruption of premolars and permanent second molars: 
percentage of erupted (e) and not yet erupted examined teeth of 
different types at age 12 according to SES. Τ = type of tooth, 
7(%) = percentage of teeth not yet erupted, 8/9(%) = percentage 
of deciduous teeth still present. 
SES Τ 1 e(%) 7(%) T 1 8/9(%) SES Т г e(%) 7(%) T 1 8/9(%) 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
17 
15 
14 
47 
45 
44 
58 
54 
45 
73 
69 
53 
83 
81 
71 
71 
61 
51 
74 
63 
57 
87 
86 
75 
42 
46 
55 
1 
2 
3 
8 
6 
2 
29 
39 
49 
9 
5 
2 
8 
4 
2 
_ 
55 
54 
_ 
85 
84 
26 
29 
44 
9 
13 
27 
17 
32 
41 
5 
10 
23 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
27 
25 
24 
37 
35 
34 
63 
63 
47 
74 
66 
59 
81 
81 
68 
76 
69 
54 
72 
62 
62 
90 
83 
77 
37 
37 
53 
2 
3 
2 
10 
5 
5 
24 
31 
46 
10 
8 
2 
5 
5 
5 
_ 
65 
64 
_ 
75 
74 
24 
31 
39 
9 
14 
27 
18 
30 
36 
5 
1Z 
18 
1
 FDI two-digit system 
It is interesting to note that there was no relevant difference in the 
state of eruption of premolars, but, nevertheless, in high SES children the 
respective deciduous molars persisted much longer. In the same high SES 
group, although there were no deciduous predecessors, second molars in the 
present sample erupted later than in low SES children. The percentages given 
in Table 5.8 and 5.9 may be interpreted as being the average of sites not yet 
present of a certain tooth type in a quadrant, but at the same time 100 minus 
these percentages gives the likelihood of the presence of this type of tooth 
if one looks at a hundred children of that age. For example Table 5.8 line 1 
shows 25/65 (second premolar upper left and corresponding deciduous tooth): 
26% of premolar 25 erupted, in 8% of locations the deciduous molar 65 shedded 
or premolar not yet erupted, and in 66% of locations the deciduous molar was 
still present. The difference in "percentage presence" between children (per 
tooth type) reflects the variability. This could be concluded from an ANOVA 
of "presence" data for tooth types within individuals and also from pairs of 
homologous teeth between individuals subdivided according to sex and SES 
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groups. 
Paired t-tests were carried out on the presence data of premolars and 
second molars at age 10 and 12 to analyses for left/right differences. This 
analysis showed two significances in the total of 20 tests. Although it is 
remarkable that both significant differences were found at age 12 with 
respect to the second molars (e.g. left erupting earlier than right) it 
seemed appropriate to explain this by a chance effect, considering the high 
number of comparisons tested. It is concluded that there were no differences 
in eruption between left and right within children. Therefore the mean scores 
of right and left combined were used for further analysis. These data were 
subjected to an ANOVA according to sex (1 degree of freedom), SES (2 degrees 
of freedom) and interaction (2 degrees of freedom) with the variance between 
children as error mean square for the F-test. The results are presented in 
Table 5.10. Hardly any significant interaction was found and so these are not 
presented. 
The tables show that for retarded eruption (7) as well as for presence of 
deciduous teeth (8,9) there were significant differences, and linearity from 
lowest to highest SES level. In SES group high there were consistently more 
deciduous teeth still present at age 10 and 12 compared to SES middle and 
low. Eruption of premolars at age 10, however, was not uniformly retarded 
accordingly. Regarding second molars, there was retarded eruption in SES high 
at age 12. A possible explanation for this phenomenon might be found in the 
use of various fluoride sources in different SES groups; fluoride treatment 
tends to prolong persistence of deciduous teeth and causes delay in eruption 
of their permanent successors. Therefore a differentiation in fluoride 
sources according to SES was made and presented in Table 5.11. 
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Table 5.10 Average number of teeth not yet erupted (7) in the premolars region, deciduous molars still 
persisting (8,9) at age 10 and 12 according te SES and sex. L=lcw, M=middle and H=high 
socio-economic status. B= boys and G=girls. 
Age 
Teeth 
Second 
upper 
molars 
Second 
upper 
premolars 
First 
upper 
premolars 
Second 
lower 
molars 
Second 
lower 
premolars 
First 
lower 
premolars 
10 
7 
SES 
NS 
NS 
NS 
NS 
L 0 
M 0 
H 0 
L 0 
M 0 
H 0 
20*** 
10 
05 
18*** 
09 
Cl 
sex 
NS 
NS 
NS 
NS 
NS 
NS 
8/9 
SES 
— 
L 
M 
H 
L 
M 
H 
~ 
L 
M 
H 
L 
M 
H 
0.67*** 
0.84 
0.88 
0.55** 
0.63 
0.77 
0.58*** 
0.77 
0.83 
0.41*** 
0.58 
0.72 
sex 
— 
NS 
В 0 
G 0 
— 
NS 
В 0 
G 0 
67* 
55 
61** 
42 
12 
7 
SES 
NS 
NS 
NS 
L 0 
M 0 
H 0 
L 0 
M 0 
H 0 
NS 
27** 
35 
47 
02* 
07 
09 
sex 
В 0 
G 0 
NS 
NS 
В 0 
G 0 
NS 
NS 
53** 
34 
42** 
24 
8,9 
SES 
— 
L 
M 
H 
L 
M 
H 
~ 
L 
M 
H 
L 
M 
H 
0.25* 
0.30 
0.42 
0.09*** 
0.14 
0.27 
0.18*** 
0.31 
0.39 
0.05*** 
0.11 
0.20 
sex 
— 
В 
G 
В 
G 
— 
В 
G 
В 
G 
0.38** 
0.22 
0.19* 
0.08 
0.33** 
0.17 
0.15*** 
0.04 
Table 5.11 Use of fluoride sources (tablets, dentifrice or combinations) in 
percentages according to age and SES (L=Low, M=Middle, H=High), 
n=number of children. 
Age SES η Fluoride Fluoride Both fluoride Neither F-- Unknown 
dentifrice tablets -dentifrice & dentifrice 
tablets nor tablets 
8 L 
M 
H 
10 L 
M 
H 
12 L 
M 
H 
14 L 
M 
H 
207 
94 
62 
208 
96 
65 
207 
97 
66 
211 
76 
48 
-
-
-
_ 
-
-
73.4 
75.3 
65.2 
68.3 
77.6 
72.7 
48.3 
50.0 
56.5 
51.9 
46.9 
56.9 
13.5 
20.6 
28.8 
0.5 
0.0 
0.0 
-
-
-
_ 
-
-
0.0 
1.0 
3.0 
8.1 
6.1 
18.2 
45.4 
46.8 
41.9 
47.6 
52.1 
43.1 
13.0 
3.1 
3.0 
10.9 
6.1 
0.0 
6.3 
3.2 
1.6 
0.5 
1.0 
0.0 
_ 
-
-
12.3 
10.2 
9.1 
- no data collected 
The degree of motivation can be deducted from the percentage of use of 
fluoride tablets, because their use requires individual action. In contrast, 
no motivation is required for the use of fluoride in the form of tooth paste 
because at that time 85% of the dentifrices on the Dutch market were fluori­
dated. Accordingly, the differences between SES groups with respect to use of 
fluoride dentifrices and fluoride tablets were small. At age 14 almost no one 
used fluoride tablets exclusively, but again high SES children used fluoride 
dentifrices more frequently together with fluoride tablets than the low and 
middle SES group. The demonstrated difference in eruption and in use of 
fluoride sources between various SES groups might to a large extent explain 
the difference in caries experience between these groups. 
5.2.2 Caries prevalence and incidence 
In this paragraph a longitudinal analysis of the data obtained will be 
presented. The percentage of children with a caries free permanent dentition 
ШзМГ-5=0) at age 8, 10, 12 and 14 is shown in Table 5.12. The percentage of 
children without dentinal and enamel lesions (D2MF-S=0) is also presented in 
this table and was considerably lower. 
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Table 5.12 Number and percentages of children with only small enamel lesions 
(a) and without any visible lesions (b). 
C a r i e s 
a 
b 
Age 
s c o r e 
8 
η 
191 
82 
% 
5 2 . 0 
2 2 . 3 
10 
η 
151 
98 
% 
4 0 . 5 
2 6 . 3 
12 
η 
127 
54 
% 
3 3 . 7 
1 4 . 3 
14 
η 
88 
32 
% 
23 
8 
1 
4 
If (reversible) enamel lesions were disregarded, approximately half (52%) 
of all 8 year old children were caries free while at age 14 this percentage 
was 23.1. Mean DMF-T and DMF-S scores are given in Table 5.13. Between age 12 
and 14 the highest caries incidence took place. Since in general, caries 
incidence/experience was low it was decided to only use DMF-S scores for 
further analyses. 
Table 5.13 Mean DMF-T and DMF-S scores + SD per child by age. 
Age 
Condi t ion 
DpMF-T 
D3MF-T 
D2MF-S 
D3MF-S 
8 
X 
2 . 4 
1.0 
4 . 2 
1.5 
+ 
+ 
+ 
+ 
SD 
1.7 
1.4 
3 . 8 
2Γ2 
10 
X 
2 . 2 
1.6 
3.9 
2 . 4 
SD 
+ 1.8 
+ 1.7 
+ 3 .9 
+ 2 . 9 
12 
Χ 
4 . 1 
2 . 2 
7 . 2 
3 . 3 
SD 
+ 3 .0 
+ 2 . 2 
+ 6 .5 
± 3 .7 
14 
X 
6 . 0 
3 . 4 
1 1 . 9 
5 . 0 
SD 
+ 3.7 
+ 3 . 1 
+ 9 . 4 
± 5 . 1 
An analysis of variance (ANOVA) of the caries data was carried out for 
assessment of SES, sex, and interactions of the DMF-S-condition. Initially 
several subdivisions of this condition were tested; that is, according to DF-
S components and predilection sites. Some of these subdivisions did not yield 
additional information. For instance there were almost no decayed or filled 
surfaces found in the approximal sites of front teeth. Besides that there 
were no pits scored carious in front teeth (Table 5.14). 
Table 5.14 reveals the following findings: 
- significant influences of SES with respect to all conditions at every age 
except for D3-S. 
- significant influences of sex restricted to smooth, sound, and filled 
surfaces at age 8 and sound-S age 8 to 12. 
- for all total scores D2MF-S and D3MF-S the influences of SES were highly 
consistent and highly significant. 
- absence of significant effects of sex and SES with respect to D3-S at ages 
8 to 12, which may be explained by the fact that only few D2-S lesions 
progressed to D3-S. 
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Table 5.14 Significance levels of influences^ of SES, sex and interactions 
detected by ANOVA of D2-S, Da-S, F-S, sound s, D2MF-S and D3MF-S 
at characteristic sites for age groups 8, 10, 12 and 14 years. 
Fiss. = pits and fissures. Int = Interaction SES χ sex. 
Age 8 10 12 14 
Condition Site SES Sex Int SES Sex Int SES Sex Int SES Sex Int 
D2-S Fiss.
1
 -
Approximal ** - ** 
Smooth2 *** - -
Total2 ** 
D3-S Fiss. -
Approximal - - -
Smooth -
Total - -
F-S Fiss. *** - -
Approximal -
Smooth * 
Total *** - -
Sound-S Fiss. ** 
Approximal -
Smooth - ** -
Total - * -
D2MF-S Total *** -
D3MF-S Total *** - »
*
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" see Table 2.7 * premolar/molar region 2 total mouth 
Table 5.15 Mean D2MF-S, D3MF-S and sound surfaces for the total dentition 
according to age and SES. χ = mean number, SD = standard 
deviation, η = number of individuals examined. (L = low, M = 
middle, H = high; η = number of children). 
Age 8 10 12 14 
Variable SES χ SD η χ SD η χ SD η χ SD η 
D2MF-S L 
Μ 
Η 
DaMF-S L 
Μ 
Η 
Number L 
of sound M 
surfaces H 
4.9 3.9 207 
3.7 3.9 94 
2.5 2.5 63 
1.9 2.2 207 
1.2 2.3 94 
0.5 1.0 63 
36.9 5.7 207 
37.3 6.0 94 
36.6 6.3 63 
3.7 4.3 208 
3.6 4.4 96 
1.9 2.4 65 
3.0 3.1 208 
2.1 3.4 94 
1.1 1.6 65 
50.8 12.5 208 
48.2 9.6 96 
48.2 9.8 65 
8.5 6.7 209 
6.2 6.1 97 
4.4 5.0 66 
4.1 3.9 209 
2.6 3.5 97 
1.7 2.4 66 
70.5 13.1 209 
70.2 13.7 97 
67.3 16.6 66 
13.6 9.5 212 
11.6 10.0 98 
7.3 7.5 66 
6.1 5.4 212 
4.5 5.0 98 
2.5 3.8 66 
75.2 10.8 212 
78.2 8.7 98 
79.9 9.0 66 
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On the basis of these results it was decided to present the final results, 
subdivided according to SES for different parts of the dentition. Because of 
the apparent sex effects on the sound surfaces this subdivision will be 
presented as well. Initially, the overall scores are given according to SES 
(see Table 5.15). To get an indication how these indices were spread over 
the various age groups and SES groups the results are presented in two 
figures: Figure 5.1, D2MF-S and Figure 5.2, D3MF-S, which are more informa­
tive than the table of data with averages and questionable standard devia­
tions. For a better insight into the data the overall scores were divided 
according to predilection sites as shown in Table 5.16 and 5.17. The last 
line of Table 5.17 shows the percentage of sound smooth surfaces given the 
total number of all types of sound surfaces. Remarkably, through all SES 
groups and ages this percentage varies only between 28.2 and 29.5 with a 
maximum of 0.4% difference between SES groups within age. The maximum 
percentage of sound smooth surfaces increases until age 12, from there it is 
decreasing again. For an overall impression of D3MF-S increasing with age, 
and subdivided according to SES, Figure 5.3 is presented. The graph shows an 
increase with age, especially between 12-14 years, and a higher incidence 
corresponding with lower SES. 
SES LowMiddleHigh LowMiddleHigh LowMiddleHigh LowMiddleHigh 
DjMF-S I 1 0 ГГГ7] 1-2 Г7-Л 3-6 I 1 7-12 ^ Ш >12 
Figure 5.1 Prevalence of D^MF surfaces. Percentage of children age 8-14 with 
0 to > 12 enamel lesions in the 3 SES groups; low, middle, and 
high. 
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Table 5.16 Mean D2-S, Da-S, F-S and sound surfaces: pits/fissures (fiss.) and approximal (appr.) surfaces in 
premolars and molars, subdivided according to age and SES (L = lew, M = middle, H = high; η = number 
of children), Var. = variable. 
Age 8 10 12 14 
Var. Surface η = 364 η =369 η = 372 η = 376 
D2-S 
Da-S 
F-S 
Sound 
SES 
Fiss. 
Appr. 
Fiss. 
Appr. 
Fiss. 
Appr. 
Fiss. 
Appr. 
L 
1.9 
0.2 
0.2 
0.0 
1.5 
0.0 
4.4 
8.0 
M 
1.8 
0.1 
0.2 
0.0 
0.8 
0.0 
5.2 
8.0 
H 
1.7 
0.0* 
0.2 
0.0 
0.3*** 
0.0 
5.7** 
8.0 
L 
0.9 
0.2 
0.1 
0.1 
2.5 
0.2 
7.1 
11.5 
M 
1.0 
0.1 
0.0 
0.0 
1.7 
0.0 
6.8 
10.3 
H 
0.6 
0.0** 
0.0 
0.0 
1.0*** 
0.0* 
7.5 
9.8* 
L 
2.7 
0.3 
0.2 
0.0 
3.3 
0.4 
11.6 
18.9 
M 
2.7 
0.3 
0.0 
0.0 
2.1 
0.1 
12.2 
18.0 
H 
2.0* 
0.2 
0.0 
0.0 
1.5*** 
0.2** 
11.9 
16.8* 
L 
3.2 
0.7 
0.1 
0.1 
4.8 
0.8 
12.9 
21.2 
M 
3.5 
0.7 
0.1 
0.1 
3.3 
0.5 
14.3 
21.8 
H 
2.6 
0.4 
0.2 
0.0* 
1.9*** 
0.3*** 
15.6*** 
21.4 
*) **j *** s e e Table 2.7 
Table 5.17 Mean number of D 2S, D3S, FS and sound surfaces for smooth and total number of surfaces (all types of 
teeth), subdivided according to age and SES (L = low, M = middle, H = high; η = number of children). 
% = percentage sound smooth surfaces related to number of all types of sound surfaces, Var. « 
variable. 
Age 8 10 12 14 
Var. Surface η = 364 η =369 η = 372 η = 376 
D2-S 
D3-S 
F-S 
Sound 
SES 
Smooth 
Total 
Smooth 
Total 
Smooth 
Total 
Smooth 
Total 
% 
L 
0.8 
3.0 
0.0 
0.3 
0.0 
1.6 
10.4 
36.9 
28.2 
M 
0.6 
2.5 
0.0 
0,2 
0.0 
0.8 
10.5 
37.2 
28.2 
H 
0.2*** 
2.0* 
0.0 
0.2 
0.0 
0.4*** 
10.4 
36.6 
28.4 
L 
0.3 
1.7 
0.0 
0.2 
0.1 
2.8 
14.7 
50.8 
28.9 
M 
0.4 
1.5 
0.0 
0.1 
0.1 
1.8 
13.9 
48.2 
28.8 
H 
0.1* 
0.8*** 
0.0 
0.0 
0.0* 
1.1*** 
13.8 
48.2 
28.6 
L 
1.3 
4.4 
0.1 
0.2 
0.1 
3.8 
20.8 
70.5 
29.5 
M 
0.8 
3.6 
0.0 
0.1 
0.1 
2.3 
20.7 
70.2 
29.5 
H 
0.5*** 
2.8*** 
0,0 
0.0 
0.0 
1.6*** 
19.7 
67.3 
29.3 
L 
3.6 
7.5 
0.0 
0.2 
0.2 
5.8 
21.4 
75.2 
28.5 
M 
2.9 
7.1 
0.1 
0.3 
0.1 
4.0 
22.3 
78.2 
28.5 
H 
1.5*** 
4.8** 
0.0 
0.2 
0.0* 
2.2*** 
23.1** 
79.9*** 
28.9 
*, **, *** see Table 2.7 
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Figure 5.2 Prevalence of D3MF surfaces. Percentage of children age 8-14 with 
0 to >12 dentinal lesions in the 3 SES groups; low, middle, and 
high. 
D3MF-S 
7 Ί 
-B-
·*-
• * -
I 
Low 
Middle 
High 
SEM 
Age 8 10 
I 
12 14 
Figure 5.3 Age curves for mean D3MF-S scores in the total dentition for 
children of different SES aged 8 to 14 years. 
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5.2.3 Caries patterns, progression, and stagnation of lesions 
In a sample studied longitudinally, the repeated inspection of the same 
surfaces at risk offers the possibility to observe development of carious 
lesions in time, and, in a generalized way, to predict how in a comparable 
unknown sample with the same caries risk a certain lesion pattern will 
develop in the near future. 
It is necessary to consider what the possible course of events may be in 
the natural history of a carious lesion: a sound surface (0) may develop a 
small enamel lesion (2); the latter may later become remineralized (2-0) or 
may progress to a dentinal lesion (2-3-4, refer to Table 2.5). Restitution to 
normal of a dentinal lesion (3-0) is not possible and would indicate an 
observation error. It is possible, however, that at any stage a tooth surface 
is being filled under dental treatment (0-5;2-5;3-5;4-5). Needless to say, a 
surface may be stable, i.e. it does not change during the interval between 
examinations. Backer Dirks (1966) was the first to demonstrate clinically, in 
the course of the Tiel - Culemborg fluoridation study, the possibility of 
remineralization of (pre-)carious white spot lesions, D2. In his high-
prevalence population (with observations starting in 1953) small lesions in 
fissures usually progressed rapidly to cavities. In smooth surfaces, however, 
Backer Dirks found of 72 enamel lesions present at age 8, 37 sites in which 
they had disappeared completely at age 15. 
Regarding the possible value of longitudinal observations for the purpose 
of caries prediction (Klock and Krasse, 1979), there are two main obstacles: 
first, the diagnosis of the stage of development of a lesion is subject to 
(some) uncertainty, especially stage 2, and second, in samples with low 
challenge and low caries activity progression is slow or zero. Obviously, the 
uncertainty mentioned as obstacle no. 1 is especially high in slow-progres-
sion populations characterized by many uncertain stages 2, whereas in high-
progression populations most surfaces at risk proceed from 0 to 2 to 3 to 4 
to filling quickly and will have passed the uncertain stage 2 between two 
subsequent examinations. 
In the present sample, a large number of surfaces showed small enamel 
lesions, grade 2, of which (besides the diagnostic uncertainty) it is 
impossible to tell at any point in time whether it is progressing, stable, 
or remineralizing. For this reason the term transition for any changes in a 
tooth surface has been chosen. The aim of this section is to find such 
transition matrices for the different ages. The "observed transition matrix" 
however includes a number of misclassifications. If these misclassifications 
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would not occur, we would get the "true transition matrix". 
The observed transition matrix will not be correct due to misclassifica-
tion. It is, however, difficult to express the influences of misclassifica-
tion on the estimated transition probabilities (incidence) in simple terms. 
In order to obtain an impression of the magnitude of bias introduced by 
misclassification a realistically chosen situation will be simulated. 
Starting from a chosen "true" transition matrix and misclassification 
probabilities the observed transition matrix may be calculated. The surfaces 
in each cell of the true transition matrix are in principle spread over the 
cells of the observed transition matrix. Also the surfaces in each cell of 
the observed transition matrix originate from different cells of the true 
matrix. Table 5.18 presents an example of a true transition matrix and its 
corresponding probabilities, while the probabilities of misclassification 
are given in Table 5.19. 
Table 5.18 "True" transition matrix describing the incidence of caries in 
fictitious figures from age 8 to age 10. The margins present 
prevalences at both ages. (0 = sound, 2 = enamel lesion, 3 = 
dentinal lesion). 
Score Prevalence Transition proba- Prevalence 
at age 8 at age 8 bility for age 10 at age 10 
0 
2 
3 
24000 (93.9%) 
1500 (5.9%) 
50 (0.2%) 
0 
97.6 
61.0 
0.0 
2 
2.0 
36.0 
0.0 
3 
0.04 
3.00 
100 
0 
23424 
915 
0 
2 
480 
540 
0 
3 
96 
45 
50 
Total 25550 (100%) 24339 1020 191 
% 95.3 4.0 0.7 
Table 5.19 Probabilities of misclassification in caries scores (fictive). 
True score 
0 2 3 
Observed score 0 0.95 0.30 0.05 
2 0.05 0.70 0.10 
3 0.00 0.00 0.85 
Total 1.00 1.00 1.00 
Not all 915 enamel lesions at age 8 which are sound at age 10 will be 
observed in this way; 30% (n=274) will be seen as sound at age 8 and 5% of 
these 274 surfaces (n=14) will be observed as enamel lesion at age 10. This 
means that the cell sound at age 8 and enamel lesion at age 10 in the 
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observed transition matrix will receive 14 surfaces from the true situation 
enamel lesion at age 8 and sound at age 10. This observed cell also receives 
113 surfaces from the true cell enamel lesion at both ages. In this way the 
content of all cells in the observed matrix may be calculated leading to the 
matrix in Table 5.20. 
Table 5.20 Observed transition probabilities considering misclassifications; 
and the calculated corresponding transition probabilities. 
Observed at age 10 Estimated transition 
0 2 3 Total probabilities 8-10 yrs 
Observed score 0 21592 1570 91 23252 (91.0%) 
at age 8 2 1844 376 35 2255 (8.8%) 
3 2 4 36 43 (0.2%) 
Total 23438 1950 162 25550 (100%) 
% 91.8 7.6 0.6 100 
0.929 0.068 0.004 
0.818 0.167 0.016 
0.050 0.100 0.850 
From this observed transition matrix the transition probabilities may 
easily be calculated. A comparison of the true probabilities in Table 5.18 
with the observed ones in Table 5.20 reveals that the bias in the observa-
tions is so large that estimation of transition probabilities from the 
collected data is not feasible. Attenuation correction with the objective to 
obtain better estimates would be too dangerous in this situation taking into 
account the uncertainty due to the given probabilities of misclassification. 
Therefore it was decided, to consider this score as sound since a score 2 
does not require restorative dental treatment. 
The observed percentage transitions in all surfaces examined longitudinal-
ly over at least two years between age 8 and 14 in 2-year intervals are 
presented in Table 5.21. Since the accuracy of the figures increases with the 
number of surfaces included in the study, every surface which was examined in 
both intervals was taken into account. Due to dropout during the years the 
number of children decreased from age 8 to 14 from 845-'769-,721-,381 respec-
tively, explaining the relatively low number of surfaces in the last column 
of Table 5.21. Moreover, at the start of each 2-year period, the 100% basis 
has been adjusted by subtracting those surfaces not sound any more at the end 
of the preceding 2-year period. This maimer of assessment shows that for the 
pits and fissures of 1st molars, with higher age the probability of a sound 
surface to stay sound, increases. The probability of a sound approximal 
surface to remain sound decreases slightly with age while smooth surfaces are 
not likely to change from sound at all. The table shows that in this study a 
sound fissure of a 1st molar at age 8 has a 86.7% chance to remain sound. At 
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Table 5.21 Observed transitions, in percentages, between age 8 and 14 in 2-year intervals. 
Possible transitions were from sound (0,2) and carious surfaces (3) into sound, carious 
or filled (5) ones. Top rows, all type of surfaces; lower rows, specified surfaces. 
0,2 
3 
0,2 
3 
0,2 
3 
0,2 
3 
All surfaces 
Age 8-10 
0,2 3 5 η 
97.2 0.3 2.5 25914 
0.0 25.3 74.7 170 
26084 
Age 10-12 
0,2 3 
98.1 0.2 
0.0 45.8 
Pits and fissures of 1st molars 
Age 8-10 Age 10-12 
0,2 3 5 π 0,2 3 
86.7 0.6 12.7 4213 
0.0 26.3 73.7 133 
4346 
91.4 0.6 
C O 37.7 
Apprcxinial surfaces of 1st molars 
Age 8-10 Age 10-12 
0,2 3 5 η 0,2 3 
98.1 0.4 0.9 5099 
0.0 9.1 90.9 11 
5110 
Smooth surfaces of 1st molars 
Age 8-10 
0,2 3 5 η 
99.0 0.3 0.7 5100 
0.0 53.9 46.1 13 
5113 
97.6 0.4 
0.0 50.0 
Age 1C-12 
0,2 3 
99.5 0.2 
0.0 79.0 
5 
1.7 
54.2 
5 
8.0 
62.3 
5 
2.0 
50.0 
5 
0.5 
21.0 
η 
33308 
107 
33415 
η 
3612 
53 
3665 
η 
4820 
16 
4836 
η 
4833 
19 
4852 
Age 12-14 
0,2 3 
97.7 0.3 
0.0 16.3 
Age 12-14 
0,2 3 
93.7 0.5 
0.0 20.С 
Age 12-14 
0,2 3 
96.9 0.4 
0.0 14.3 
Age 12-14 
0,2 3 
99.5 0.1 
0.0 20.0 
5 
2.0 
83.7 
5 
5.8 
80.0 
5 
2.8 
85.7 
S 
0.4 
80.0 
η 
27415 
49 
27464 
η 
1971 
15 
1986 
η 
2643 
7 
2650 
η 
2711 
5 
2716 
age 10 or 12 the probability that it remains sound is even higher (91.4 and 
93.7, respectively). Regarding dentinal lesions there was a tendency to get 
filled in about 3 out of 4 cases between age 8-10 and 12-14, whereas only 
half of the dentinal lesions were filled in the 2 years between age 10-12. In 
case of the highest incidence, i.e. all of 107 surfaces showing a lesion 3 
at age 10, 58 were filled. Expressed as (percentage) probability, this is 
54.2%, with confidence limits (0.95), however, of 44-62%. For transition 3-5 
at age 8-10 the confidence limits are 67-80% and at 12-14 they are 70-91%. 
Thus, there is no overlap of the 0.95 confidence limit between the age 10-12 
and the others, which leads to the statement that between age 10 and 12 
substantially fewer cavities were filled than between 8 and 10, and 12 and 14 
years of age. 
To provide a solid basis for the interpretation of the percentages of 
sound surfaces with dentinal lesions, the real numbers of filled surfaces of 
children age 8 to 14 are presented in Table 5.22. The table shows that 
between age 8 and 10 the highest increase of filling in pits and fissures of 
first molars was observed. 
Table 5.22 Percentages of filled surfaces of all types of permanent teeth 
and for first molars in particular at age 8 - 14. N= total 
number of surfaces per type of surface. Between brackets the 
exact number of filled surfaces per type of surface. 
Age 8 Age 10 Age 12 Age 14 
Total 
Pits/fissures 
of 1st molars 
Appr. surfaces 
of 1st molars 
Smooth surfaces 
of 1st molars 
% 
N 
% 
N 
% 
N 
% 
N 
3.0 
26895 
15.3 
5130 
0.2 
5122 
0.2 
5124 
(811) 
(784) 
(12) 
(11) 
4.4 
34953 
27.2 
5037 
1.4 
4903 
1.0 
4902 
(1538) 
(1372) 
(67) 
(50) 
4.5 
50532 
33.4 
5039 
3.5 
4905 
1.3 
4904 
(2269) 
(1685) 
(173) 
(64) 
5.4 
33028 
35.2 
2868 
6.1 
2738 
1.4 
2738 
(1774) 
(1008) 
(167) 
(37) 
5.2.4 Discussion 
The overall clinical status of the dentition up to age 14 confirmed 
earlier observations (Ruiken, 1983), that the current caries data were 
characteristic for a low prevalence child population. This a posterior 
justifies the use of the principle of partial recording. In the present 
system based on Marthaler (1966), for instance the labial and lingual 
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surfaces of the lower incisors were excluded from examination; in fact this 
seems to be fully justified since even the approximal surfaces of these teeth 
(with a generally higher caries susceptibility than the labial/lingual ones) 
were found caries free up to age 14. Even if this might be slightly different 
for the premolars it is safe to assume that the loss of information, if any, 
must have been negligible. 
In general, among the smooth surfaces, free ones are less likely to become 
carious than approximal ones. In the first molar, the mesial as well as the 
distal surface are predestined anatomically to be approximal surfaces with a 
high caries risk. However, functionally both these surfaces may be free 
smooth surfaces for quite some time: the mesial one will be a free smooth 
surface between (premature) loss of the second deciduous molar and eruption 
of the second premolar, the distal surface will be a free smooth surface from 
eruption of the first until eruption of the second molar. This is relevant 
for the period of risk and the caries pattern which differs between groups 
for different socio-economic status. Many authors (Truin et al., 1981, 1986; 
Kalsbeek, 1982b; Backer Dirks and Kalsbeek, 1987) have described low caries 
prevalence in young high SES children, mostly attributed to better diet, 
better oral hygiene and appropriate fluoride usage. All these features 
influence the health and persistence of deciduous teeth and in connection 
with subsequent late eruption the health of permanent teeth as well influence 
indirectly the caries risk of first molars as well, perhaps to the same 
extent as the three environmental factors mentioned above. Directly, the 
health of all teeth (deciduous and permanent) is dependent on the sum of all 
local factors in the oral cavity. The influence of dietary patterns and 
fluoride treatment on oral health will be discussed in Chapters 5.5. and 5.6. 
The DMF figures observed in the present study were generally low. in fact 
they were lower than the national average; while the total of epidemiological 
observations in 12-year old children in The Netherlands for 1983 indicates a 
DaMF-T of 2.6 (Backer Dirks and Kalsbeek 1987), it was an average of 2.2 in 
12 year olds in 1983 in the current study, irrespective of SES. By the way, 
in contrast to the dramatic decrease in the previous 10 years (Kalsbeek, 
1982b), there has not been a further decrease since then in the 12 year age 
group. Because of the low prevalence, DMT surface counts were used in all 
detailed analyses, however, considering the scarcity of lesions, the DMF-S 
will not be much higher than DMF-T figures. The DMF-S at age 12 for SES high 
was 1.7, for SES medium 2.6 and for SES low 4.1. These differences tended to 
increase between age 8 and 14 (Figure 5.3); especially in low SES children 
the number of subjects with more than 12 lesions reached 50% (Figure 5.1). 
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It is remarkable that the tendency to fill cavities between age 8 and 14 
was quite different at certain ages: while the chance of a dentinal fissure/ 
pit lesion getting filled was at least 3 out of 4 cases between age 8-10 and 
12-14, it was only about 50:50 between age 10-12. The explanation of this 
phenomenon is difficult but seems to be a local peculiarity connected with 
SES of parents and historic filling behavior of the dentists involved. First 
of all the number of new Da lesions eligible for filling decreased markedly 
with age (Table 5.21). 
As a historic event, the decline of caries prevalence since 1970 must also 
be considered. Although one might assume that dramatically fewer dentinal 
lesions, compared to 10 years ago, would encourage overtreatment this does 
not seem to have occurred to the children in this population. Especially in 
communities with a high proportion of low SES families, the dentists there 
left more lesions unfilled than in high SES children. The absolute figures, 
however, were small and the differences not significant statistically. 
5.3 Periodontal findings 
Periodontal health is dependent on the individual's oral hygiene status. 
The primary risk factor threatening periodontal health is accumulation of 
plaque and its persistence for more than a few days (Theilade et al., 1966; 
Lang et al., 1973). In populations of industrialized countries living on 
luxury food, active oral hygiene by brushing and supplementary methods is the 
only way to some extent to keep a dentition plaque free along with a 
relatively healthy periodontium. 
The relation between plaque and gingivitis as the predominant manifesta-
tion of periodontal illhealth is described in the current Chapter 5.3, 
whereas behavioral parameters modifying oral cleanliness will be described in 
section 5.4. 
5.3.1 Plaque 
For the analysis of plaque extent a planimetrie method was used (refer to 
section 2.2.3). The test (ANOVA) was carried out for SES and sex effects and 
their inter-action on the condition of the upper jaw, the lower jaw and the 
total dentition. Before the data were analyzed, a square root transformation 
was applied in order to get a near normal distribution. The upper and lower 
front results at age 6, 8, 12 and 14 are presented in Table 5.23. 
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Table 5.23 Significance levels1 of ANOVA of plaque extent for SES, sex and 
interaction at the age of 6, 8, 12 and 14 for the upper and lower 
front teeth. 
Age 6 8 12 14 
Parameters Upper Lower Upper Lower Upper Lower Upper Lower 
front front front front front front front front 
SES 
Sex 
SES χ sex 
_ 
-
-
*** 
-
-
* 
-
-
_ 
*** 
-
* 
*** 
** 
_ 
*** 
-
_ 
*** 
-
1
 see Table 2.7 
This test revealed the following significant effects: 
upper front teeth lower front teeth 
- SES effects at age 8 - SES effects at age 8 and 12 
- sex effects at age 12 and 14 - sex effects at age 12 and 14 
For lower and upper front together this means a significant difference 
(p<0.00l) at age 8 due to SES and at the age of 12 and 14 due to sex. Since 
plaque scores in the upper front between the various SES-groups in 8-year 
olds and in the lower front of 8- and 12-year old children differed sig­
nificantly the plaque scores are presented subdivided according to SES. Table 
5.24 shows that the mean plaque scores for the upper jaw were always higher 
than those for the lower jaw. This is understandable considering the 
relatively large surfaces of the upper front teeth. At the same time the low 
SES groups had a higher plaque score than the middle and high SES group at 
the age of 6 and 8 while this was inconsistent at age 12 and 14. The highest 
plaque score was found among the 8-year olds belonging to the low SES group 
(17.6 mm 2). 
The sex effects were not pronounced before age 12 and 14. The distribution 
of plaque in boys and girls in these age groups is presented in Table 5.25 
and Figure 5.4. 
82 
Table 5.24 Average labial plaque extent (mmz) in upper, lower and all front 
teeth according to SES and age adjusted for sex. 
(n = total number of children per age group (subdivided for low, 
middle and high SES are not presented, but can be found in Table 
5.15), SD = standard deviation, SEM = standard error of the 
mean) 
Age 6 8 12 14 
η = 231 η = 304 η = 338 η = 356 
χ SD SEM χ SD SEM χ SD SEM χ SD SEM 
SES LOW 
Upper front 
Lower front 
Total front 
SES MIDDLE 
Upper front 
Lower front 
Total front 
SES HIGH 
Upper front 
Lower front 
Total front 
TOTAL 
Upper front 
Lower front 
Total front 
11.1 5.4 .48 
10.3 4.9 .44 
10.7 4.7 .42 
9.9 4.7 .61 
9.4 4.9 .64 
9.7 4.5 .58 
10.3 4.8 .74 
10.0 4.7 .43 
10.2 4.5 .69 
10.6 5.1 .34 
10.0 4.9 .32 
10.3 4.6 .30 
17.6 8.0 .60 
14.8 6.5 .49 
16.1 6.6 .50 
14.1 8.0 .90 
13.2 6.6 .75 
13.6 6.7 .76 
13.3 6.8 .96 
12.0 5.8 .81 
12.6 5.7 .80 
16.0 8.0 .46 
13.9 6.5 .37 
14.9 6.6 .38 
14.0 7.2 .52 
10.1 5.2 .38 
12.1 5.8 .42 
13.0 7.1 .75 
9.4 5.4 .57 
11.2 5.8 .61 
15.4 9.2 1.24 
12.0 5.9 .79 
13.8 6.9 .93 
14.0 7.6 .41 
10.2 5.4 .30 
12.1 6.0 .33 
11.7 8.8 .62 
8.4 6.5 .46 
10.1 7.3 .52 
12.6 9.4 .98 
9.3 6.6 .68 
10.9 7.5 .78 
11.6 8.7 1.09 
9.0 5.6 .70 
10.2 6.4 .80 
11.9 8.9 .47 
8.7 6.4 .34 
10.3 7.2 .38 
Table 5.25 Mean plaque extent (sum of all front teeth mm2) at the age of 12 
and 14 in boys and girls, η = number of children, χ = mean score, 
SD = standard deviation, SEM = standard error of the mean. 
Years 12 14 
Boys η = 155 Girls η = 112 Boys η = 166 Girls η = 196 
Site x SD SEM X SD SEM 
Upper front 16.2 8.5 .68 
Lower front 11.7 6.3 .50 
11.7 5.9 .44 
8.8 4.2 .31 
X SD SEM X SD SEM 
14.5 9.9 .77 
10.1 6.9 .54 
9.3 7.2 .52 
7.3 5.6 .40 
Site Age Mean difference boys-girls 
Upper front 12 4.5 
" " 14 5.2 
Lower front 12 2.9 
n
 " 14 2.8 
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Plaque (mm ) 
16-
12 
Age 6 10 12 14 
Figure 5.4 Mean plaque extent for boys and girls according to age. 
The highest mean plaque score was found in the upper front of 12-year old 
boys, while the lowest scores were discovered in the lower front of 14-year 
old girls. A striking finding was the large plaque extent at age 8, especial-
ly in the low SES group. There was no significant sex difference found at age 
6 and 8 although boys tended to have more plaque than girls. At age 12 and 
14, boys had significantly more plaque than girls (p < 0.001). Also the 
amount of plaque in girls decreased more markedly with age than in boys. To 
illustrate this phenomenon the plaque scores for both sexes at age 6, 8, 12, 
and 14 were plotted in Figure 5.4. 
5.3.2 Gingivitis 
The factors influencing gingivitis (one of the parameters of periodontal 
health) were also analyzed with the help of ANOVA. As described in paragraph 
2.2.2. the partial score of the Ramfjord teeth (modified) on a two-point 
scale was used for the analysis. The results of this analysis regarding SES, 
sex, and interactions are presented in Table 5.26. The only consistent 
finding seems to be the influence of SES on gingival health, while the other 
significances may be regarded as sporadic. Between age 6 and 14 the gin-
givitis scores were decreasing as can be seen in Figure 5.5. The difference 
between the various SES-groups is significant at age 6, 12, and 14, while the 
differences between the groups as most pronounced at 6. Consistently more 
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gingivitis occurred in the low than in the higher SES groups. 
Table 5.26 Significance of the influence of the main effects SES and sex and 
their interaction on Papillary Bleeding Index (PBI) in children 
aged 6 to 14 tested with the aid of ANOVA. 
Factor/ 
SES 
Sex 
SES χ sex 
Age 6 
** 
-
-
8 
_ 
-
** 
10 
_ 
* 
-
12 
** 
-
-
14 
* 
-
-
_ * ** , *** see Table 2.7 
PBI 
05' 
0.4 
0.3 
0.2 
0.1 
0.0 
I 
i 
2Ш 
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л 
г* 
¿i 
i 
ж 
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Τ SEM 
Age 6 8 10 12 14 
Figure 5.5 Mean gingivitis score (PBI) of children between age 6-14 
according to SES (Low, middle and high). 
5.3.3 Discussion 
As shown by IPC analyses in 3.4, measurements of plaque extent are not 
very suitable for longitudinal assessment. This is even more pronounced with 
regard to gingivitis. The test-retest correlation which amounted to r = 0.80 
for D2MF-S and 0.92 for D3MF-S, was only 0.40 and 0.16 for plaque and 
gingivitis, respectively. Since gingivitis is strongly dependent on plaque 
and will heal spontaneously with high certainty by plaque removal (Theilade 
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et al., 1966), the reason for the weak correlation between plaque and 
gingivitis can not be due to lack of a cause-effect relationship. Obviously, 
the diagnosis especially of gingivitis is difficult, but, in addition, the 
situation in the mouths of children is not as clear-cut as in the experiment 
of the Loë group, who produced zero gingivitis by extreme cleanliness (Loë, 
1965; Theilade et al., 1966). Children, especially young children, can not 
clean their teeth very well and there was often plaque presented, even in 
"clean" individuals. These gradual differences obviously are not reflected by 
clear-cut differences in inflammatory tissue response. Moreover, papillary 
bleeding which was used as an indicator for gingivitis can quite often not be 
provoked in children although plaque as well as the clinical signs of 
gingival inflammation are present (Vogels, 1983). 
Nevertheless, some major phenomena which are commonly known could be 
reconfirmed; namely increase of plaque extent in the front related to 
eruption of the upper incisors, between age 6 and 8. The accompanying higher 
local gingivitis scores are not revealed in Figure 5.5 because the modified 
Ramfjord method applied (see section 2.2.2), comprised only one papilla 
mesially of 22, which reflects gingivitis around a central incisor. Another 
well-known phenomenon is the improvement of oral cleanliness in pubescent 
girls (Figure 5.4), which was only partly accompanied by improvement of 
gingivitis, probably due to confounding with hormonal influences in puberty 
(Truin et al, 1988). 
5.4 Knowledge, attitude, and behavior 
With the help of the various principal components extracted as described 
in 3.5 the changes in knowledge, attitude, and behavior in the examined 
children between age 12 and 14 were analyzed with the help of an ANOVA. The 
results are presented in Table 5.27. TVs shown in this table there are six 
principal components which yield a significantly different change between 
age 12 and 14. Three of the principal components showed a decrease while the 
other three showed an increase with age. The number of fruits eaten dimin-
ished, the attitude towards dental health and the consciousness of unhealthy 
eating habits were deteriorating over this particular period of two years. 
This means that the children ate significantly less fruits at age 14 than 
they ate two years before, that they found dental health less important and 
eating snacks between meals did not cause a bad conscience. At the same time 
they stated that they ate more sweets at age 14. On the other hand they 
succeeded in cleaning their teeth better and they gained more knowledge. 
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Table 5.27 Significantly different changes between age 12 and 14. Mean 
scores at age 12 and 14 and level of significance of the 
increments are given. SD = standard deviation. 
Age group Significance level1 
Principal 12 14 Increase Decrease 
Components2 score SD η score SD η with age with age 
Fruit 
Sweets 
Knowledge 
Attitude, dental 
Attitude, nutr.B 
Behavior, dent.В 
14.2 3.0 
19.8 4.8 
12.5 2.3 
6.8 2.1 
7.5 1.1 
14.2 22.2 
347 
343 
348 
352 
353 
344 
13.6 3.1 
20.4 5.0 
13.6 2.5 
6.3 1.9 
6.8 1.2 
18.4 20.9 
358 
357 
365 
363 
362 
363 
* 
*** 
*** 
*** 
*** 
*** 
1
 see Table 2.7 
2
 definitions in Table 3.13 and text below; also refer to questionnaire 
appendix II. 
5.5 The influence of socio-economic background on nutrition and 
caries experience 
5.5.1 Introduction and methods 
There are few investigations into the influence of SES on nutrition of 
teenagers. Ruiken (1983), in 10-year old children of the present SHEP-
project, has found that children preferred healthy food (group I and II) if 
their father had a higher education. Children of fathers with low-level 
education consumed more "unhealthy" and luxury food (group III). Ruiken could 
not find a relation between snack eating time (for definition refer to 2.2.4) 
or number of snacks and the education of the father. Recent research shows 
almost no relationship between family SES and eating patterns of the children 
of this age (Unpublished, 1985; Hitchcock and Gracey, 1980; Hackett et al., 
1984a, 1984b; Woodward, 1986). On the other hand the influence of SES on 
caries experience of children (age 8-16) has been studied more frequently. 
In current research it appears that teenagers from families of high SES have 
better dental health than lower SES children (Hitchcock and Gracey, 1980; 
Flach et al., 1981; Hausen et al., 1981, Lachapelle-Harvey and Sévigny, 1985; 
Colquhoun, 1985; Kalsbeek and van Foreest, 1986). 
Since the influence of SES was the most important independent variable 
found in this study, an analysis was carried out to explain caries experience 
from nutrition and several back ground parameters. This was done by means of 
a stepwise multiple regression analysis. When the variables were not 
distributed normally (e.g. caries, snack eating time and frequency, and 
percentage energy out of group I) a Box-Сох transformation (1964) was 
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applied. It turned out that with power ( Λ = 0.5) the normality was reached. 
Because several tests were applied for this survey, Bonferroni's correction 
was applied in calculating significance levels (Snedecor and Cochran, 1980). 
Dependent variables were: 
A. Classification of foods into 3 groups according to Cramwinckel (1977, 
1979; Cramwinckel et al., 1985): 
1. Percentage of energy derived from healthy food (group I) with mostly 
positive effects, mainly raw materials, low-fat and vegetable based 
products, e.g. water, tea, whole meal bread, vegetables, fruit, 
skimmed milk, etc. 
2. Percentage of energy derived from supplementary foods (group II) with 
positive as well as negative effects. Mainly low-fat animal food 
products and linoleic acid enriched, vegetable-based products e.g. 
poultry, nuts, cheese, eggs, etc. 
3. Percentage of energy out of group III; the energy contribution of 
luxury foods with mainly negative effects such as high-fat animal food 
products, with enriched elements such as sugar e.g. coffee, marmalade, 
butter, macaroni, pastry and alcoholic beverages. 
B. In between nutrition: 
1. Snack eating time. 
2. Number of sweets. 
С Caries experience: 
1. D2MF-S 
2. D3MF-S 
Independent variables were: 
1. sex. 
2. Environment; urban or "rural". Urban: Nijmegen, Oss, 's Hertogenbosch; 
the other locations were not really rural in the classical sense, but 
may better be described as urbanized country (see Figure 2.6). 
3/4. Education father/mother; the education of the parent(s) was used as 
measure for the SES: 
Low : kindergarten or a lower educational training 
Middle: secondary education 
High : higher professional training (university). 
5/6. Job father/mother; the number of days father or mother had a paying job 
outside of the home. 
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7. Education children after age 12; 
Low : lower educational training (lbo, Ihno) 
Middle: secondary educational training (mavo) 
High : higher secondary scientific education preparing children for 
university training (havo, vwo). 
8. Pocket money; the amount of pocket money the children received every 
week. 
This survey was carried out on 284 fourteen-year old children. Missing 
data were the reason that this number of children is less than that of 
originally examined children (381); a complete set of caries data, twenty-
four-hours-recall dietary history as well as the questionnaire were required. 
Fortyseven percent of these children had a higher education (havo, vwo) 
while 32% and 21% had middle or low education, respectively. 
5.5.2 Dietary pattern 
A positive correlation was found between the education of the father and 
the percentage of energy from healthy food of group I, as shown in Table 5.28 
Another positive correlation appears between the education of the child and 
high consumption of healthy food. 
A negative correlation emerged between the education of the father and the 
percentage of energy from food of group III. The higher the education of the 
father, the more they tended to eat healthy food from group I and the less 
luxury food from group III. Children of higher educated fathers consumed 
39.7% out of group III against 47.3% for the children with lower educated 
fathers. Quantitatively if we assume an average consumption pattern, this 
amounts for the last group of children to three fourth of a chocolate bar or 
three and a half biscuits more each day. To test the significance of these 
obviously relevant relationships a multiple regression analysis was carried 
out to find the inductive variables. The results show that the education of 
the father was the most important inductive variable for percentage of 
energy from food of group I and III (see Table 5.29). 
Table 5.28 Ccrrelaticn matrix of the energy percentage frcm food 
eating, number of sweets, D2MF-S and D3MF-S (n = 284). 
of groups I, II and III, total snack 
Sex Envi r. Ed.f. Ed.m. Ed.ch. Job f. Job m. P.m. 
Independent 
variables 
Sex 
Envircraient1 
Educat. father 
Educat. mother 
Educat. child 
Job father 
Job mother 
Pocket money 
1.00 
-0.09 
-0.12 
-0.02 
0.05 
-0.11 
-0.03 
-0.11* 
1.00 
-0.02 
-0.04 
0.03 
0.06 
-0.05 
0.15 
1.00 
0.46*** 
0.41*** 
0.23*** 
0.02 
-0.03 
1.00 
0.42*** 
0.13* 
0.12* 
-0.08 
1.00 
0.04 
-0.03 
-0.14* 
1.00 
0.16* 
-0.03 
1.00 
0.10 1.00 
Dependent 
variables 
Al. 
2. 
3. 
Bl. 
2. 
CI. 
2. 
En % group 
En % group 
En % group 
I2 
II 
III 
Snack eating 
time2 
Number of 
sweets2 
D2MF-S2 
D3MF-S2 
-0.00 
-0.02 
0.06 
0.02 
-0.00 
0.05 
0.03 
0.11 
0.05 
-0.12* 
-0.03 
-0.05 
-0.04 
-0.05 
0.18*** 
0.02 
-0.17** 
0.01 
0.02 
-0.16** 
-0.23*** 
0.13* 
0.00 
-0.11 
-0.01 
0.03 
-0.26*** 
-0.29*** 
0.17** 
0.01 
-0.13* 
0.02 
0.03 
-0.22*** 
-0.27*** 
0.09 
0.06 
-0.10 
-0.04 
-0.03 
-0.04 
-0.09 
0.07 
-0.11 
0.O4 
0.00 
0.03 
0.07 
0.06 
-0.09 
-0.04 
0.10 
0.15** 
0.15** 
0.11 
0.13* 
urban - rural transformed x' = (x0-s - 1)/0.5) *_ ** ***
 s e e Table 2.7 
Table 5.29 Stepwise multiple regression analysis with dietary pattern as the 
dependent variable. 
Step Variable r2 part* rz model0 Ρ 
Healthy 
food 1 Education father 0.034 0.034 0.002·= 
Luxury 
food 1 Education father 0.030 0.030 0.0004c 
~ Partial correlation according to 8 background variables 
*• Multiple correlation coefficient 
c
 Significant at a = 0.05/8 = 0.006 (Bonferroni) 
The analysis was restricted to one step because the other inductive 
variables did not have any substantial contribution to the percentage of 
explained variance of the dietary pattern. The percentage of explained 
variance is 3.4 for percentage energy from food of group I and 3.0 of group 
III. No correlation was found between any of the variables and energy from 
medium quality food of group II. Since the two other groups do correlate, one 
could conclude that the original recommendation of eating one third out of 
each group is not realistic (Ruiken, 1983; Cramwinckel et al., 1980, 1984). 
5.5.3 Caries experience 
Also in Table 5.28 the correlation matrix of D2MF-S and D3MF-S and nutri­
tion, expressed in the total snack-eating time and the number of sweets, is 
presented. It shows that the education of the child and that of the parents 
were negatively correlated with the D2MF-S and D3MF-S scores. 
A positive correlation (p =0.05) was found between pocket money on one 
hand and snack eating time, number of sweets, DaMF-S-score, sex and education 
level of the child on the other hand. To establish the most selective 
variables a stepwise multiple regression was carried out. It appears that the 
education of the mother is the most selective variable for caries experience 
(Table 5.30). 
The explained variance is 6.8 or 8.6% for the first step of О
г
МГ-5 and 
D3MF-S respectively. When the education of the child is taken into account 
2.7% is added to the variance of the DaMF-S-score. Together with the 
education of the mother the percentage of explained variance is 11.3. 
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Table 5.30 Stepwise multiple regression analysis with caries experience as 
dependent variable. 
D2MF-S 
D3MF-S 
Step 
1 
1 
2 
Variable 
Education mother 
Education mother 
Education father 
r
z
 parf 
0.068 
0.086 
0.027 
r
2
 model" 
0.068 
0.086 
0.113 
Ρ 
0.0001-
0.0001e 
0.004"= 
a
 Partial correlation according to 8 background variables 
0
 Multiple correlation coefficient 
c
 Significant at a = 0.05/8 = 0.006 (Bonferroni) 
5.5.4 Discussion and conclusions 
A possible explanation for the correlation between education of the father 
and dietary pattern of the children is that those of higher educated fathers 
had more knowledge about nutrition and a better attitude towards nutrition. 
In this study a connection could be established between the education of the 
father on the extend of knowledge on nutrition. However, the education of the 
father explaining the variance predominantly in the stepwise multiple 
regression, the simple correlations between education mother and child with 
the same variables were of an equivalent level. The education of father, 
mother, and child were related to one another and therefore, it depends on 
casual factors which one appears most prominent in the multiple regression 
analysis. A percentage of explained variance (11.3 due to education) is in 
line with the results of Ruiken (1983), who also found a high correlation 
also between caries experience and education of parents in the same child 
population. Other studies show that teenagers of parents with high education 
have better dental health than those of poorly educated parents (Flach et 
al., 1981; Lachapelie-Harvey and Sévigny, 1985). In general teenagers of high 
SES have a lower caries experience than teenagers of low SES (Hitchcock and 
Gracey, 1980; Hausen et al., 1981; Colquhoun, 1985; Kalsbeek and van Foreest, 
1986). A study of 5 cohorts of 5-, 7-, 9- and 11-year old children in The 
Hague between 1969 and 1984 has also shown this very clearly (Truin et al, 
1981) but in two other limited Dutch studies this could not be established 
(Unpublished, 1985, Tijmstra, 1981). 
A possible explanation for the correlation between caries experience and 
education of the parents could be that higher educated people show a more 
dental minded health behavior: they eat less sweets, brush their teeth better 
and longer, use fluorides more often and visit their dentist regularly (de 
Vries and Ruiken, 1987). That higher trained parents administered fluoride 
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more conscientiously has been shown previously (Tan et al., 1981); in another 
study this was not confirmed (Kalsbeek and van Foreest, 1986). In this same 
study no difference could be found between SES and regularity of visits to a 
dentist. 
Recent research among 15-year olds showed that more knowledge leads to a 
better attitude concerning dental health, and to better oral hygiene (Visser 
et al., 1985). The authors found that the higher the education of the 
teenagers and the higher the education or the occupation level of the head of 
the family the more preventive dental mindedness was present. Other authors 
could not establish any difference in knowledge of dental health between 
different SES levels. None of the social variables explained the variance of 
the snack eating time. The influence of the amount of pocket money was of 
borderline significance. This confirms the results of a study carried out in 
Katwijk (Unpublished, 1985). It is remarkable that there was an association 
between the education of the father and the percentage energy out of luxury 
food group III, and not between education of the father and snack eating 
time. Knowing that Group III contains products with a high fat content, or an 
unfavorable amount of saturated acids or sugars, it is possible that the 
difference found was caused by the consumption of sugar during meals or 
fatty products. On the other hand the reported time and frequency of snack-
eating were much lower than expected; this was possibly due to knowledge of 
the children that the dietician would like to hear that answer (socially 
desirable conformations). 
Apparently the education and SES of the parent(s) is of considerable 
influence on the dietary pattern of the child. The education of the father 
was chosen as an indicator of the SES for the analysis used in the next 
paragraph. Sex and environment (urban versus rural) were taken into account 
as possible confounders in this study. However, a marked influence of these 
parameters could not be established. 
5.6 The relationship between eating sweets and caries experience 
5.6.1 Introduction 
There are studies in which a relationship between caries experience and 
sugar consumption could not be established (Sundin et al., 1983; Sgan-Cohen 
et al., 1984; Stecksén-Blicks et al., 1985). The reason for this may be that 
caries prevalence and sugar consumption were measured too late in life to 
reveal the cause-effect relationship. For example, a severe cariogenic 
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dietary challenge around age 8 may have caused a high caries incidence at 
that time. Soon after the outburst of lesions this challenge may have stopped 
and concomitantly no new lesions were formed. The total caries experience 
(DMF-S or T) will remain high, and when the caries prevalence is e.g. 
measured by an examination at age 14, a parallel assessment of the dietary 
habits will not explain the large number of restorations present. That a 
situation like this was at hand in the present material can be concluded 
from the phenomenon that most of the IMF-surfaces were due to fillings (F) 
and not to active lesions (D3). Considering the longitudinal sequence of 
periodic examinations and assessment of eating habits of the children in the 
present sample it was possible to retrace their eating habits to the time of 
higher caries activity (8 years). At that age freedom from caries lesions 
could only be explained with health preserving behavior. 
It is better to look upon the sugar consumption years before the caries 
prevalence is established (Sreebny, 1982a, 1982b). For that reason, a 
subsample of children was selected who were caries free at the age of 8. In 
this part of the study (to be described here) an analysis was carried out to 
find out whether the children had developed caries six years later. 
5.6.2 Materials and methods 
The data of 8-year old children which were caries free in 1979 and of 
which the caries experience at age 14 (in 1983) had been measured, were 
selected for the analysis. Two groups were composed: first, 58 non cases 
i.e. those who had not developed any lesions at age 14, and second 85 cases 
who developed lesions between age 8 and 14. The number of sweets eaten and 
the snack eating time of children from both groups were compared. 
Caries experience, dental hygiene, and eating sweets were used as 
variables. As an indicator for caries experience the D3MF-S score was taken, 
while plaque extent and use of fluorides were used as parameters for dental 
hygiene and number of sweets and snack eating time for eating sweets. For the 
analysis it was necessary to have all variables in the form of dichotomies 
and trichotomies. SES, sex, D3MF-S and use of fluorides had already been 
subdivided in that way and the others were divided into 7 classes: 
number of sweets - low: < 3 
- high: > 3 
snack eating time - short: 60 min. 
- long: > 60 min. 
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plaque extent - small: < 5 mm2 
- medium: 5-15 mm1 
- large: > 15 mm2 
With the help of a Mantel-Haenszel procedure correction for the confounders 
was applied (Kleinbaum and Küpper, 1982). 
5.6.3 Results 
The distribution over the different variables is presented in Table 5.31. 
The mean snack eating time of the total group was 42.8 min. + 25.8 while the 
mean number of sweets eaten was 2.2 + 1.3. The average D3MF-S score of this 
group at age 14 was 3.3 + 2.8. 
Table 5.31 Distribution of the various variables and levels in case and non-
case children. (Between brackets the percentages are given). 
Variable 
SES 
Sex 
Use of fluorides 
Plaque extent 
Number of sweets 
Snack eating time 
Level 
Low 
Middle 
High 
Boy 
Girl 
Yes 
No 
Small 
Medium 
Large 
Low 
High 
Short 
Long 
Case 
η = 
44 
20 
21 
45 
40 
48 
37 
9 
35 
41 
51 
34 
55 
30 
85 
(52%) 
(23%) 
(25%) 
(53%) 
(47%) 
(56%) 
(44%) 
(11%) 
(41%) 
(48%) 
(60%) 
(40%) 
(65%) 
(35%) 
Non 
η = 
26 
15 
17 
30 
28 
28 
30 
14 
29 
15 
39 
19 
39 
19 
case 
58 
(45%) 
(26%) 
(29%) 
(52%) 
(48%) 
(48%) 
(52%) 
(24%) 
(50%) 
(26%) 
(67%) 
(33%) 
(67%) 
(33%) 
Odds ratios (Schlesselman, 1982; van 't Hof and Verbeek, 1986) were 
calculated, for the influence of the number of sweets and snack eating time 
on caries experience at age 14; stratified according to levels of plaque 
extent and use of fluorides. The odds ratio is used to compare the exposure 
ratio of cases with the exposure ratio of non-cases, in other words to 
quantify the magnitude of the association between exposure (snack eating) and 
disease (caries). Therefore the number of children was divided according to 
case/non-case and low/high number of sweets for each stratum formed. For 
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instance in the stratum "Fluorides/Medium plaque extent", the figures are: 
case non-case total 
low number of sweets 12 9 21 
high number of sweets 10 5 15 
total 22 14 36 
The odds ratio of this stratum can be calculated (9xl0)/(l2x5) = 1.5 which 
means that the average incidence of lesions is 1.5 times greater in the high 
number of sweets group than in the group with low number of sweets. This and 
all the remaining odds ratios are to be found in Table 5.32 and 5.33. 
Table 5.32 Odds ratios in relation to number of sweets eaten by 8 year old 
children (n = 143) and their caries experience six years later, 
stratified according to plaque extent (PE) and use of fluorides. 
Stratum 
No fluorides, PE Low 
No fluorides, PE Medium 
No fluorides, PE High 
Fluorides, PE Low 
Fluorides, PE Medium 
Fluorides, PE High 
Mantel-Haenszel odds ratio 
on all strata 143 1.3 0.5 - 3.5 
1
 divided by 0 
Table 5.33 Odds ratios in relation to snack eating time of 8 year old 
children (n = 143) and their caries experience six years later, 
stratified according to plaque extent (PE) and use of fluorides. 
η 
10 
28 
29 
13 
36 
27 
Odds 
1.7 
2.3 
5.3 
m i 
1.5 
0.6 
ratio 95% confidence 
limits 
0.1 - 39.1 
0.5 - 11.1 
0.5 - 55.7 
_ 
0.4 - 5.9 
0.1 - 4.3 
Stratum 
No fluorides, PE Low 
No fluorides, PE Medium 
No fluorides, PE High 
Fluorides, PE Low 
Fluorides, PE Medium 
Fluorides, PE High 
η 
10 
28 
29 
13 
36 
27 
Odds 
m i 
2.3 
3.4 
m i 
1.5 
0.5 
ratio 95% confidence 
limits 
_ 
0.5 - 11.0 
0.5 - 35.7 
_ 
0.4 - 5.9 
0.1 - 3.5 
Mantel-Haenszel odds ratio 
on all strata 143 1.1 0.4 - 2.9 
1
 divided by 0 
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Table 5.32 shows that there were no statistical significances found 
between number of sweets and caries experience. Children who did not use 
fluorides had a higher chance (5.3) to develop lesions than those who did. 
Table 5.33 shows similar results. 
Since the use of fluorides is the only discriminating variable, the odds 
ratio in relation to eating sweets (subdivided according to the use of 
fluorides) is presented in Table 5.34. 
Table 5.34 Mean odds ratios in relation to sweets eaten by 8 year old 
children (n = 143) and their caries experience six years later, 
subdivided according to use of fluorides. 
Use of sweets Use of fluorides Odds ratio 95% confidence limit 
Number of sweets Yes 0.8 0.3-2.1 
No 2.5 0.9 - 6.7 
Snack eating time Yes 0.7 0.3-1.9 
No 1.8 0.5-5.8 
This table shows that when no fluorides were used a child had a chance to 
develop lesions 2.5 times higher than one who used fluorides. The relation 
between eating sweets and caries experience was found to be stronger when no 
fluorides were used, but this was not shown to be statistically significant. 
5.6.4 Discussion 
In this study the relationship between consumption of sweets and caries 
experience was not found significant statistically. However, a number of 
experimental and epidemiological studies have shown that there is such a 
relationship (Gustafsson et al, 1954; Lachapelle-Harvey and Sévigny, 1985; 
Newbrun, 1982; Shaw, 1985; Ismail, 1986; Palin-PaloJcas et al., 1987). Other 
studies show a weak relationship between eating sweets and caries experience 
in children (Rugg-Gunn et al., 1984; Unpublished, 1985). 
In the past fifteen years caries prevalence has decreased in the Nether-
lands (Truin et al., 1988). The low caries experience in the present study is 
in accordance with the secular trend. Due to the low number of lesions 
present at age 14 (mean DMF-S 3.3), the differences between children of 
different strata were small as well. These small differences explain why 
perhaps even relevant relationships were likely not to be found significant 
statistically. Regarding the relationship sweets/caries activity the social 
desirability of low intake of sweets may artificially have lowered the number 
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and eating frequencies the children dared to admit and make available for the 
analysis. This will also contribute to a nonsignificant result in the 
statistical sense. However, regarding clinical relevance, it is to be assumed 
that the real cariogenic challenge was stronger than the interview answers 
suggest; nevertheless (as the influence of the fluoride also shows) the 
caries activity was generally low. In the eighties, fluoridation of drinking 
water had been stopped long ago (1973), but fluoride dentifrices already 
dominated with 80-90% of the market. Considering the high consumption of 
sugar and sweets, which was nearly consistent over the last 20 years, the 
widespread use of fluoride dentifrices and their caries preventing efficiency 
seem to have compensated the caries conducive action of snack eating. 
6 DISCUSSION 
The discussion will first center on the original main goal, the study of 
effects of school health education and then, findings concerning the 
secondary goal, oral epidemiology. 
6.1 Discussion of effects of school health education 
Effects of health education in general can not be shown in short term 
studies. Regarding the delayed or late consequences of unfavorable habits, 
such as coronary heart disease, lifelong observation, or at least the 
cumulative study of decades of adults' lifes, would be necessary. Oral 
health, in contrast, can be studied by assessing parameters which show 
influences of behavior within relatively short observation periods. In this 
respect, the span of 8 years (between age 6 and 14) must be considered long 
enough to reveal differences in oral health status due to differences in 
health related behavior. 
The current study, nevertheless, did not reveal quantifiable effect; the 
reasons for the study's failure in this respect are manyfold and will be 
discussed in the following order: 
a. age at start of the School Health Education Program (SHEP), 
b. uncontrolled additional health information, 
с low caries prevalence. 
a. The initial plan was to start with SHEP when the children were still at 
kindergarten age, but it was not possible to introduce the program before the 
second kindergarten year when most of the children were nearly 6 years old. 
At that age quite a few habits, especially snack eating, have already been 
established; it is difficult to replace sweets by healthy alternatives. The 
SHEP children at age 12 had better knowledge of healthy habits than the 
control children, which probably was an effect of the health lessons at 
school. However, the eating habits of the more knowledgeable SHEP children 
were not positively altered, and obviously, if sweet consumption could not be 
significantly reduced, one could not expect the caries rate to decrease. 
The reasons why knowledge is not followed by measurable changes in 
behavior are complex. Besides difficulties in measuring attitude and 
behavior, which are both subject to social desirability, there are several 
obstacles. First of all, knowledge will (or will not) result in an altered 
attitude as a first step; later on, if knowledge of the new facts has firmly 
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established a new attitude, this attitude may result in a change of behavior 
(hopefully positive) (Moltzer, 1983, ter Horst, 1984). But this is not 
necessarily so: there are many smokers around who know that smoking can 
endanger one's health and even lead to premature death, but nevertheless they 
do not quit smoking. Actually this problem seems to be as old as mankind. In 
the classical myths delivered by Ovid in the Metamorphoses (7, 20), Medea 
says "Video meliora proboque, deteriora sequor" - ik zie het betere, erken 
het, hang het slechtere aan; the Apostle Paul in his letters to the Romans 
(7, 19) wrote и... for I do not the good that I wish, but the evil that I do 
not wish, that I perform". In place of "good" and "evil" one may say 
awareness of risk and carelessness, respectively, and some decades back 
health educators, in fact, condemned carelessness. In the SHEP tested it was 
intentionally avoided to identify neglect of risk with evil, in order not to 
create a guilt complex in children who had not refused sweets offered by a 
well-meaning adult. Rather the children were told that life always implied 
taking risks of all sorts, and avoiding every possible risk was incompatible 
with life; rather one should be able to calculate a risk in order to decide 
whether one would take it or not. Avoidance of prohibition was a principle on 
which SHEP was based for a second reason, and that was what psychologists 
call the "boomerang effect" (Bergler, 1982): i.e., a patient who does not 
brush his teeth regularly, and suddenly is informed and instructed by a 
dentist that he is required to brush three times a day, will shy away and not 
react at all - this simply is asking too much. 
A third explanation (possibly the most plausible one) for inadequate 
effect, for instance of the nutrition part of the SHEP may be the fact that 
children, although willing to put into practice what they have learned, are 
not independent. Their parents decide to a major extent what they have to 
eat, and this is not only true for the main meals but snacks as well. Perhaps 
the organization of SHEP should have done even more to get parents involved 
in the activities. 
In any case it turned out that the Government Advisory committee (Commis­
sie Beyerman, 1972) had predicted correctly: Health conscious behavior is a 
problem of generations; not before the children receiving SHEP are parents 
themselves, 20 years later, will these effects show significant effects. 
b. In the Seventies, in the Netherlands there was a lot of publicity 
concerning health issues. They came from a growing body of scientific 
knowledge about saturated dietary fats and coronary heart disease, growing 
concern about the problems of environmental pollution, and water fluoridati-
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on. Especially water fluoridation became highly controversial with the 
consequence of a lot of publicity in the media (Moltzer and de Vries, 1985); 
with increasing concern, multiple activities to prevent caries by alternati­
ve, mainly dietary measures and oral hygiene were organized (Den Haag: 
Bergink 1969, ten Hoopen 1969; Ede: Backer Dirks et al. 1975; Amsterdam: 
Houwink et al. 1983; Ν.0. Friesland: Westmaas-Jes 1977; Tiel: Kalsbeek and 
Kwant 1983). These activities and the publicity around them has had conside­
rable impact, although, the attempts to quantify the effects did not yield 
unequivocal results. The fact that caries prevalence decreased steadily since 
1969 (Kalsbeek, 1982b; Backer Dirks and Kalsbeek, 1987) demonstrates that 
individual preventive care was effectively replacing water fluoridation which 
came to an end in 1973. This decreasing caries prevalence was one explanation 
for the difficulty to demonstrate SHEP effects in the oral cavity (refer to 
part с of the discussion). Regarding the specific causes of the decrease of 
caries prevalence, the increased use of fluoride dentifrices seems to have 
played a major role. An effect of dietary changes is not ruled out, but 
difficult to allocate to different influences (Backer Dirks and Kalsbeek, 
1987). The most important is considered to be the frequency of intake of 
sugar and/or sweets (Gustafsson et al., 1954), however, this is very 
difficult to assess reliably. Individuals aware of the risk implied have the 
inclination to underscore their frequency of intake, and in addition, the 24-
hour recall method is known to artificially equalize differences between 
groups (Burema et al., 1988). In the current study, the 14-year old children 
reported approximately three sugar intakes per day, whereas Truin et al. 
(1988) in their National Survey found more than ten intakes in the age group 
15 to 19 years (with the tendency to decrease with increasing age). The main 
difference seems to be the different samples involved: in the SHEP study 
children were alerted with respect to the sugar-caries relationship, whereas 
in the National Survey a random sample got a great number of highly divergent 
questions with no emphasis to such behavioral issues, and a moment of 
surprise introduced by rapidly changing subjects which prevented people from 
thinking about the social desirability of their answers. 
с A third reason why no effects of SHEP on caries incidence could be 
demonstrated is the fact that low caries prevalence rates tend to mask minor 
influences; the differences to be expected between groups are small, and the 
variance is large (König, 1982). In a previous similar study (done from 1969 
to 1973) when caries activity in Dutch children was still high, it was also 
not possible to demonstrate a measurable influence of lessons on oral 
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health, in contrast to the significant (posteruptive) effect of fluoride 
tablets (Plasschaert and König, 1974). In conclusion, the SHEP intervention 
did not cause demonstrable effects. However, this "negative finding" need not 
evoke pessimism: some knowledge about (oral) health was gained, and it may 
be expected that better knowledge in the long run will result in better 
health. 
6.2 Discussion of epidemiological findings 
It has been shown in Chapter 4.5 that in spite of intervention, the sample 
could be regarded as a stratified sample suitable for epidemiological 
research, in corroboration of earlier studies elsewhere it was found that 
caries prevalence in children is negatively correlated with the socio-
economic status (SES) of their parents (Truin et al., 1986, 1988). In 
addition to this confirmation of a known fact, it could be shown that the SES 
has a significant influence on the time of exfoliation of deciduous teeth and 
eruption of permanent teeth. The time of eruption influences the number of 
surfaces at risk, and thus indirectly, caries prevalence. Details regarding 
distribution of lesions and manifestations of professional dental cares, as 
well as the influence of personal oral hygiene on periodontal health, have 
been discussed in detail under the subheadings of Chapter 5. 
A last point to be discussed is the caries prevalence in the Netherlands 
as compared to other highly industrialized countries with similar standards 
of living and eating patterns. According to the most recent report compiled 
by Kalsbeek and Verrips (1989) the children in The Netherlands, with a DaMF-T 
of 2.2 at age 12 in 1985-1988, had the lowest caries prevalence of all 
countries in Europe. For comparison, the DMF-T at age 12 between 1985 and 
1988 was 2.6 in Sweden, 2.8 in Denmark, 2.9 in Norway, 3.0 in Italy, 4.2 in 
France and 6.1 in Yugoslavia. In the study described in this thesis, for 
which the field work was completed in 1985, and for which the 12-year old 
children had been examined in 1983, the average D3MF-T score was 2.2 at that 
time already. This very low caries prevalence explains the difficulty 
encountered in demonstrating additive effects of health education; it shows 
that in the area where the study took place there must have existed a highly 
preventive social environment; last, but not least, it may suggest that the 
efforts in the field of health education which were combined in the form of 
the Nijmegen School Health Education Program may not have been without a 
causal role in this relatively positive oral health status. 
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SWMARY 
A number of diseases which are closely related to an affluent lifestyle 
and eating patterns are present in modern highly industrialized countries. 
Human behavior plays a major role in the causation of these diseases. Dental 
caries and periodontal disease are oral manifestations of luxury eating 
patterns and lack of oral hygiene. But conclusive experimental studies into 
programs to induce changes in health relevant behavior, and observation of 
improved health are rare. 
Carious lesions are caused by acid-forming bacteria which are activated 
to demineralize teeth by means of frequent intake of sugar-containing food 
and lack of careful oral hygiene. Similarly, periodontal lesions are the 
sequelae of a chronic gingivitis caused by differentiation of the gingival 
microflora, due to lack of oral hygiene. Therefore it can be stated that 
caries and periodontal disease, like other major public health problems in 
highly developed countries are to a large extent determined by individual and 
social behavior regarding personal hygiene and eating habits. Therefore, 
progress in prevention may be expected by improving of individual health-
related knowledge, attitudes, values and beliefs. 
Positive individual attitudes towards maintenance of health can only be 
formed in a continuous long-term learning process which should start as early 
as possible. In the late Sixties in the Netherlands the Minister of Health 
and the Minister of Education cooperated in a draft for new legislation on 
elementary school curricula including "promotion of health-directed behavior" 
as a field of education; at the same time they formed an interdisciplinary 
working group. This advisory Committee reported in 1972. The most important 
point in the report was the strong recommendation to integrate a program of 
health education in the elementary school curricula. 
The Health Authorities had very limited possibilities to promote the 
development further - they expected the Ministry of Education to take 
further initiatives, and vice versa. In the meantime, University and field 
research had become interested in the new perspectives. Historically, public 
dental health workers may be regarded as pioneers in the field of health 
promotion via school curricula. Both positive and negative results as well as 
experience gained in this area in Switzerland and The Netherlands have 
stimulated a multi-disciplinary research group at the University of Nijmegen, 
Institute of Preventive and Community Dentistry, in cooperation with the 
Hoogveld Institute of Didactics to start developing in 1971 and testing a 
comprehensive, integrated general School Health Education Program. 
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The areas taught within the program were 1) nutrition, 2) physical 
activity, 3) personal health care, 4) dental health, 5) safety in traffic, 6) 
safety at home and at school, 7) making use of health information, products 
and services, 8) environmental pollution. The content of these courses was 
based on an analysis of the problems in the present situation and on a 
conceptual approach to health education. The program was planned for children 
from age 4 to 12, and books as well as working materials were produced for 
every school year. All topics were introduced within the first two years, and 
after introduction they were dealt with repeatedly on a higher level in later 
years. 
An important didactic principle in the design of the program was that 
health education was regarded as a teaching philosophy rather than teaching 
of pure facts in fields of knowledge essential for avoiding illhealth. 
Emphasis was put on development of a health-conscious general attitude of 
children, enabling them to understand effects and interactions, identify 
health risks and make decisions based on their general knowledge and their 
own individual situation. 
At the various stages of development of the programs, pre-testing and 
testing of the draft educational materials was necessary. Over the years more 
than 70 teachers at all elementary school levels participated in the testing, 
evaluation and improvement of the drafts. 
The original purpose of the present work was an assessment of the effects 
of this School Health Education Program (SHEP) on (oral) health. School age 
is considered late in terms of development of attitudes and eating habits, 
and many consider health education at school to become more effective in the 
following generation rather than for the individuals currently in the 
program. If effects were to become manifest, they could be expected to show 
in the short-term causation/recession of gingivitis and in the relatively 
short-term development of carious lesions, rather than in (long-term) 
manifestations of nutritional factors on general health. 
As a matter of fact, the results of earlier assessments of dental caries 
as well as dental plaque and gingivitis already showed that intervention by 
SHEP induces some but not very marked improvements of oral health in the test 
compared with the control group. Distinct intervention effects being absent, 
it seemed possible and justified to regard all children as a random sample 
which could be used for longitudinal assessment of oral parameters and 
patterns such as tooth eruption and distribution of carious lesion. Moreover, 
the influence of confounding factors such as socio-economic status and sex 
could be studied. 
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Chapter 2 contains a description of materials and methods. At the begin-
ning of the study 1278 six-year old children participated. They belonged to 
13 experimental health education program schools and 11 control schools. 
After completion of the study 381 fourteen-year old children were still 
available for longitudinal assessment. Marthaler's partial recording system 
was used for establishing DMF-S scores, dental plaque was measured after 
disclosing and photographic documentation, gingivitis was assessed by 
papillary bleeding tests. Eating patterns of all children were individually 
assessed by the 24-hour recall method with the aid of home-visiting dieti-
cians. Two questionnaires were used to collect information concerning: social 
background of the children and their parents, their attitudes, knowledge and 
behavior with respect to nutrition and dental health. 
In Chapter 3 the quality of the data is scrutinized by comparing X-ray 
versus clinical caries diagnosis and inter- and intra-observer agreement. In-
terperiod correlation matrices were used to analyze the stability of the 
variables under study over time. Finally the consistency of the question-
naires used was studied with the help of principle component analysis. 
In Chapter 4 the data are analyzed for detection of effects of the health 
education program. No marked effects were found at age 12 to 14. However, 
knowledge was induced by the program but the effect was masked by the 
generally high level of public dissemination of health information in the 
late seventies. In order to reduce bias due to selective participation a 
poststratification procedure was applied to the pool of data. Also this 
procedure did not present significant SHEP-effects. Since there were no 
interactive effects of the school health education program, the whole sample 
was regarded as a homogeneous stratified sample suitable for a longitudinal 
study on tooth eruption, oral hygiene as well as caries and gingivitis. The 
findings are described in Chapter 5. Tooth eruption as well as oral health 
status were related to the socio-economic status of the children's parents. 
High SES was characterized by low disease prevalence whereas low SES was 
associated with a higher than average number of lesions. 
In general, the sample was found to belong to a low caries population in 
1983 at age 12, the overall average DMF-T index was 2.2. This low caries 
prevalence, which is about the lowest reported for that time in a high 
industrialized country, explains to a large extent the lack of benefit from 
the health education program. 
From the Department of Cariology and Endodontology. This study was part of 
the Research Program 'Dental Health Care and Epidemiology'. 
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SAMENVATTING 
Er zijn binnen onze samenleving een aantal ziekteverschijnselen op de 
voorgrond getreden, die nauw samenhangen met de in onze cultuur ontwikkelde 
leefpatronen. Het menselijk gedrag speelt een grote rol bij het ontstaan van 
deze welvaartsziekten. Langlopende klinische onderzoeken naar deze wel-
vaartsziekten en met name naar mondgezondheid bij kinderen in relatie tot 
sociaal-economische factoren zijn echter schaars. Een verklaring kan gelegen 
zijn in het feit dat kort-lopende experimentele studies naar een enkelvoudige 
invloed gemakkeiijker realiseerbaar zijn dan multifactoriële studies naar de 
invloed van houding en gedrag op de mondgezondheid. 
Cariës ontstaat door zuurafscheidende bacteriën, die demineralisatie van 
het tandweefsel veroorzaken bij frequent suikergebruik en slechte mond-
hygiëne. Evenzo kan gingivitis of erger nog parodontale afbraak vóórkomen uit 
onvoldoende mondhygiëne. Zowel cariës als parodontale aandoeningen worden in 
grote mate bepaald door individueel gedrag en houding. Voor een positief 
gedrag en houding is echter een langdurig en systematisch leer- en opvoe-
dingsproces nodig, dat zo mogelijk op een jonge leeftijd begint, immers dan 
wordt de basis gelegd voor allerlei gedragingen ook met betrekking tot 
gezondheid. 
In Nijmegen werd een samenwerkingsverband opgericht tussen het Instituut 
Preventieve en sociale Tandheelkunde en het Hoogveld Instituut (GVO-project 
Nijmegen). Dit had als doelstelling een geïntegreerd onderwijsprogramma voor 
te bereiden op het terrein van algemene gezondheid en de evaluatie daarvan. 
Daarnaast wilde men het effect van deze paWcetten op het gedrag en de 
lichamelijke gezondheid van de kinderen evalueren. Er werd gekozen voor een 
achttal themata aangepast aan de doelgroep (4- tot 12-jarigen): voeding, 
tandzorg, lichamelijke activiteit, verkeersveiligheid, veiligheid thuis en 
op school, persoonlijke gezondheidszorg, gebruik van gezondheidsdiensten en 
-zorg en milieuhygiëne. Doel van het GVO is de mens te helpen datgene te doen 
wat in positieve zin de eigen gezondheid en die van anderen bevordert en 
datgene na te laten wat voor de gezondheid nadelig is of zou kunnen zijn. Het 
ontwikkelde lesmateriaal behandelde in de eerste twee leerjaren alle themata, 
terwijl in de hogere klassen de themata alternerend werden uitgediept. 
De oorspronkelijke opzet van deze studie was de evaluatie van het effect 
van GVO op mondgezondheid. Echter, gezien de leeftijd waarop de kinderen 
onderwijs ontvingen wordt het effect van een dergelijk voorlichtingsprogramma 
verondersteld pas manifest te worden in een volgende generatie. Mogelijke 
effecten zouden zich voor kunnen doen bij gingivitis of bij de ontwikkeling 
106 
van carieuze laesies. Noch Vogels (1983) noch Ruiken (1983) alsmede de data 
en analyses in de onderhavige studie (hoofdstuk 4) konden deze effecten 
aantonen. 
Het onderhavige proefschrift probeert antwoord te geven op de vraag of er 
toch effecten van het project aan te tonen zijn op latere leeftijd, namelijk 
in de leeftijdsperiode van 12 tot 14 jaar. 
In hoofdstuk 2 worden materiaal en methode beschreven. Aan de start van 
het onderzoek participeerden 1278 zesjarige kinderen verdeeld over 13 proef-
en 11 controlescholen. De scholen waren gesitueerd in Nijmegen, 's Hertogen-
bosch, Oss en enkele kleinere plaatsen daaromheen. Na het onderzoek op 14 
jaar resteerden uiteindelijk 381 kinderen, die tevens voor de longitudinale 
studie in aanmerking kwamen. Met behulp van Marthaler's partial recording 
systeem werd gedurende de onderzoeken een DMF-S score vastgelegd terwijl de 
Papillaire Bleedings Index gebruikt werd voor het meten van de gingivitis. 
Als derde tandheelkundige parameter werd de hoeveelheid tandplaque gemeten, 
nadat deze was gekleurd en gefotografeerd. 
Voor het bestuderen van het voedingspatroon werd de 24-uurs anamnese-
methode, afgenomen door diëtistes, gehanteerd. Tenslotte werd door middel van 
een tweetal vragenformulieren informatie ingewonnen over de sociale achter-
grond van de kinderen, hun gedrag en houding en hun kennis ten aanzien van 
voeding en tandzorg. 
In hoofdstuk 3 wordt de kwaliteit van de data getoetst door middel van een 
studie over röntgenologische versus klinische cariësdiagnostiek en het 
bepalen van een inter- en intra-observer agreement. Vervolgens wordt de 
stabiliteit in de tijd van de te onderzoeken variabelen bekeken, waarna als 
laatste een meetinstrument wordt ontwikkeld voor de vragenlijsten. 
In hoofdstuk 4 zijn de data op mogelijke effecten van GVO onderzocht. Het 
blijkt dat geen GVO-effekten van betekenis zijn aan te tonen op 12 - 14 
jarige leeftijd. Alleen ten aanzien van de factor kennis zijn er enkele 
aanwijzingen dat het gebruik van het GVO-lesmateriaal tijdelijk effect heeft 
gehad, maar dat dit effect wordt overschaduwd door algemene GVO aandacht die 
daarna langs diverse kanalen is opgetreden. Poststratificatie werd op het 
materiaal toegepast om eventuele vertekening ten gevolge van selectieve 
participatie uit te sluiten. Ook dit leverde geen nadere resultaten op. 
Daar geen duidelijk waarneembaar effect is opgetreden tussen proef- en 
controlekinderen was het gerechtvaardigd de onderzoeksgroep vervolgens als 
een random steekproef voor een longitudinale studie te beschouwen, waarbij 
mondgezondheid, eruptie van gebitselementen en ontwikkeling van carieuze 
laesies in de tijd centraal stonden. Deze resultaten zijn te vinden in 
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hoofdstuk 5. In paragraaf 5.2 wordt een verschil in doorbraak aangetoond voor 
de diverse milieu's. Hoe hoger het milieu des te later vindt de wisseling 
plaats en des te langer blijven melkelementen aanwezig. Tevens blijkt dat in 
lagere milieu's minder fluoride wordt gebruikt. Tezamen zou dit kunnen 
bijdragen aan het verschil in cariës tussen de milieu's gemeten. Kinderen uit 
de hogere milieu's hebben gemiddeld minder cariës, minder restauraties en 
minder gave vlakken. Hoewel cariës met de leeftijd nog steeds toeneemt is de 
gemiddelde DaMF-S score laag te noemen (5.0 op 14-jarige leeftijd). Uit 
paragraaf 4 blijkt dat hoe langer een vlak gaaf blijft de kans om gaaf te 
blijven met de jaren toeneemt. De gemiddelde tandplaquescore kenmerkt zich 
door een milieu verschil op 8 jaar en door een verschil in sexe op de 
leeftijd van 12 en 14 jaar, waarbij bij jongens meer plaque voorkomt. 
Gingivitis echter daalt met toenemende leeftijd, waarbij in hogere milieu's 
minder gingivitis optreedt. 
Een onderzoek is gedaan naar de invloed van de voedingslessen op het 
voedingsgedrag en de voedingskennis. Tevens is een studie uitgevoerd naar het 
verband tussen snoepgedrag en cariës experience. Gebleken is dat hoe hoger 
het opleidingsniveau van de ouders en van de tieners zelf (schoolkeuze is 
hier bepalend voor) hoe meer uit groep I (basisvoedsel) er werd gegeten en 
des te minder uit groep III (luxe voedsel) en des te lager was de cariës 
experience. Geen van de sociale factoren, opgenomen in de analyses, kon het 
voedingsgedrag verklaren. Er werd geen verband gevonden tussen snoepgedrag 
van cariës vrije kinderen op 8-jarige leeftijd en het ontwikkelen van cariës 
op 14-jarige leeftijd. Het verband tussen snoepgedrag en cariës lijkt sterker 
(maar niet significant) als geen fluoride gebruikt wordt. 
Algemeen concluderend kan gesteld worden dat het GVO-project Nijmegen geen 
meetbaar effect heeft opgeleverd op korte termijn. Echter een evaluatie van 
gedragsverandering op korte termijn is strikt genomen ook niet haalbaar. De 
moeilijkheden bij het meten van deze veranderingen (onder andere de betrouw-
baarheid van het meetinstrument) en alle invloeden van buiten het GVO op het 
gedrag zijn waarschijnlijk mede verantwoordelijk voor het uitblijven van een 
meetbaar effect. Mogelijk komt pas nog later een effect naar buiten. 
Uit de Vakgroep Cariologie en Endodontologie. 
Dit onderzoek vormt een deel van het onderzoeksprogramma 'Tandheelkundige 
Gezondheidszorg en Epidemiologie*. 
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APPENDIX I 
Questionnaire about background, 
given to the children at age 14. 
1. What type of school education 
did you get? 
No attempt is made to specify 
these 15 types of schools. 
Vragenlijst voor het verkrijgen van 
achtergrond informatie, afgenomen 
bij 14-jarigen. 
l. Wat voor soort onderwijs volg 
je? 
10. LBO 
11. LHNO 
12. IBO 
14. IVO 
15. ITO 
16. LTO 
17. TBO 
18. Land- en tuinbouw 
20. MAVO 
21. MAVO/HAVO brugklas 
30. HAVO 
31. HAVO/VWO brugklas 
40. VWO 
41. Atheneum 
42. Gymnasium 
2. How many persons do you live 
with at home ? 
Met hoeveel personen zijn 
jullie thuis? (D.w.z. hoeveel 
mensen slapen er iedere nacht 
bij jullie thuis?) 
3. Were do you live ? 
1. At my parents' home 
2. At my foster parents' home 
3. At my father's home 
4. At my mother's home 
5. At my fathers and second 
mother's (girl-friend) home 
6. At my mothers and second 
father's (boy-friend) home 
7. Alternately at my fathers and 
mother's home 
8. At a boarding-school 
Waar woon je? 
1. Bij je vader en moeder 
2. Bij pleegouders 
3. Bij je vader 
4. Bij je moeder 
5. Bij je vader en 2e moeder 
(vriendin) 
6. Bij je moeder en 2e vader 
(vriend) 
7. Wisselend bij vader of 
moeder 
8. In een internaat 
4. Does your father have a job 
the moment ? 
at Heeft je vader op dit moment 
een baan? 
1. Yes 
2. No 
9. I don't know 
1. Ja 
2. Nee 
9. Ik weet het niet 
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5. How many days a week does your 
father work ? 
Just fill in the number of 
days. 
0 = Not applicable 
1 = 1 
2 = 2 
3 = 3 , etc. 
6. If your father does not have a 
full-time job what is the 
reason ? 
0. Not applicable 
1. He is ill 
2. He is an invalid 
3. He is unemployed 
4. He is housekeeper 
5. Different, 
7. Does your father now have an-
other profession than he did 2 
years ago ? 
1. Yes 
2. No 
9. I don't know 
8. Does your mother have a job at 
the moment ? 
1. Yes 
2. No 
9. I don't know 
9. How many days a week does your 
mother work ? Just fill in the 
number of days. 
0 = Not applicable 
1 = 1 
2 = 2 
3 = 3, etc. 
5. Hoeveel dagen per week werkt je 
vader? Vul hier het aantal 
dagen in. 
0 = Niet van toepassing 
1 = 1 
2 = 2 
3 = 3, etc. 
6. Indien je vader geen volledige 
baan heeft wat is hiervan dan 
de reden? 
0. Niet van toepassing 
1. Hij is ziek 
2. Hij is invalide 
3. Hij is werkloos 
4. Hij zorgt voor het gezin 
5. Anders,n.1.: 
7. Heeft je vader een ander beroep 
dan twee jaar geleden? 
0. Niet van toepassing 
1. Ja, n.l.: 
2. Nee 
9. ik weet het niet 
8. Heeft je moeder op dit moment 
een baan? 
0. Niet van toepassing 
1. Ja 
2. Nee 
9. Hoeveel dagen werkt je moeder? 
Vul hier het aantal dagen in. 
0. Niet van toepassing 
1. 1 
2. 2 
3. 3, etc. 
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10. If your mother does not have a 
full-time job what is the 
reason? 
0. Not applicable 
1. She is ill 
2. She is an invalid 
3. She is unemployed 
4. She is housekeeper 
5. Different, 
11. Does your mother now have an-
other profession than she did 2 
years ago ? 
0. Not applicable 
1. Yes 
2. No 
9. I don't know 
12. Do you smoke? 
0. Never 
1. Sometimes 
2. Daily, 1-5 cigarettes 
3. Daily, 5 cigarettes or more 
a. Do you use alcoholic beverages ? 
0. Never 
1. Sometimes 
2. In the weekend 
3. Daily 
b. Do you use drugs? 
0. Never 
1. Sometimes 
2. Regularly 
c. Do you use medicines? 
0. Never 
1. Sometimes without 
prescription 
2. Sometimes with prescription 
3. Daily without prescription 
4. Daily with prescription 
10. Indien je moeder geen volledige 
baan heeft, wat is hiervan dan 
de reden? 
0. Niet van toepassing 
1. Zij is ziek 
2. Zij is invalide 
3. Zij is werkloos 
4. Zij zorgt voor het gezin 
5. Anders, n.l.: 
11. Heeft je moeder een andere 
baan dan twee jaar geleden? 
0. Niet van toepassing 
1. Ja 
2. Nee 
9. Ik weet het niet 
12. Rook je? 
0. Nooit 
1. Af en toe 
2. Dagelijks 1-5 sigaretten 
3. Dagelijks 5 of meer siga-
retten 
a. Gebruik je alkohol? 
0. Nooit 
1. Af en toe 
2. Weekend 
3. Dagelijks 
b. Gebruik je drugs? 
0. Nooit 
1. Af en toe 
2..Geregeld 
c. Gebruik je medicijnen? 
0. Nooit 
1. Soms zonder recept 
2. Soms met recept 
3. Dagelijks zonder recept 
4. Dagelijks met recept 
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13. Are you insured for the cost of 
treatment of diseases? And, if 
so, how ? 
0. Not insured 
1. Private insurance company 
2. Civil servant or police 
insu-rance company 
3. National Health Service 
4. Mandatory insurance 
5. Voluntary insurance 
Fill in number 3 if you do not 
know whether you are 
mandatorily or voluntarily 
insured. Fill in number 4 if you 
are obligatory insured 
Fill in number 5 if you are 
voluntarily insured 
14. Do you have a dental record 
card? (= saneringskaart) 
0. Not applicable 
1. Yes 
2. No 
3. I don't know 
15. How often do you go to the 
dentist? 
0. Never 
1. Only when I have a toothache 
2. Once every half year 
3. Once a year 
4. Irregularly 
16. How much do you get for an 
allowance each week. 
0. Nothing 
1. f 1,-- to f 2,50 
2. f 2,50 to f 5,— 
3. f 5,— to f 10,— 
4. f 10,— to f 15,— 
5. f 15,— or more 
13. Hoe ben je verzekerd tegen 
ziekte? 
0. Niet verzekerd 
1. Particulier verzekerd 
2. Ambtenaren, politieverzeke-
ring 
3. Ziekenfondsverzekerd 
Indien je ziekenfonds verzekerd 
bent vul dan: 
een 3 in als je niet weet 
verplicht/vrijwillig 
een 4 in als je weet dat je 
verplicht verzekerd bent 
een 5 in als je weet dat je 
vrijwillig verzekerd bent 
14. Heb je een saneringskaart? 
(Alleen als je ziekenfonds 
bent). 
0. Niet van toepassing 
1. Ja 
2. Nee 
9. Ik weet het niet 
15. Hoe vaak ga je naar de 
tandarts? 
0. Nooit 
1. Alleen bij pijn 
2. 1 χ per half jaar 
3. 1 χ per jaar 
4. Onregelmatig 
16. Hoeveel zakgeld (dus geen 
kleedgeld) krijg je per week? 
0. Niets 
1. f 1,— tot f 2,50 
2. f 2,50 tot f 5,— 
3. f 5,— tot f 10,— 
4. f 10,— tot f 15,— 
5. f 15,— of meer 
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17. How do you usually spend your 
allowance ? Indicate, first, 
second and third choices, etc. 
0. Not applicable 
1. Going out (disco, movie) 
2. Records, cassettes 
3. Candybars, sweets 
4. French fries, hamburgers 
5. Saving 
6. Others, e.g 
18. Which part of the SHEP-
examination, in which you 
participated, did you enjoy 
most? Indicate first, second 
and third choices, etc. 
0. Not applicable 
1. Nutrition interview 
2. Taking a blood sample from 
your arm 
3. Examination by the doctor 
4. Jogging on the conveyerbelt 
5. Wearing a heartbeat recording 
set 
6. Checkup by the dentist 
7. Measurements of length, 
weight and size 
19. Which part of the SHEP-
examination in which you 
participated did you consider 
most useful? 
0. Not applicable 
1. Nutrition interview 
2. Taking a blood sample from 
your arm 
3. Examination by the doctor 
4. Jogging on the conveyerbelt 
5. Wearing a heartbeat 
recording set 
6. Checkup by the dentist 
7. Measurements of length, 
weight and size 
17. Waar geef je van je zakgeld 
het meest aan uit? Schrijf het 
betreffende nummer in het 
linker hokje. En wat komt 
daarna? Vul dat nummer in het 
tweede hokje in. Maak zo het 
rijtje af. 
0. Niet van toepassing 
1. Uitgaan (disco, bioscoop, 
e.d.) 
2. Platen, cassettes, e.d. 
3. Snoep, Mars, drop, ijs, 
e.d. 
4. Patat frites, kroket, e.d. 
5. Sparen 
6. Anders,n.l.: 
18. Welk deelonderzoek van het GVO-
projekt waaraan je de afgelopen 
jaren hebt meegedaan, vond je 
het leukst? Schrijf het 
betreffende nummer in het 
linker hokje. Wat je daarna het 
leukst vond, schrijf je in het 
2e hokje, enz. 
0. Niet van toepassing 
1. Voedingsonderzoek 
2. Bloed prikken uit je arm 
3. Onderzoek door dokter 
4. Hardlopen op de band 
5. Een dag dragen van een 
hartkastje 
6. Nakijken van de tanden door 
de tandarts 
7. Meten hoe lang, zwaar en dik 
je bent 
19. Welk deelonderzoek van het GVO-
projekt waaraan je de afgelopen 
jaren hebt meegedaan, vond je 
voor jezelf het nuttigst? 
0. Niet van toepassing 
1. Voedingsonderzoek 
2. Bloed prikken uit je arm 
3. Onderzoek door dokter 
4. Hardlopen op de band 
5. Een dag dragen van een 
hartkastje 
6. Nakijken van de tanden door 
de tandarts 
7. Meten hoe lang, zwaar en dik 
je bent 
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APPENDIX II 
Questions pertaining to knowledge, 
attitude and behavior regarding 
dental health and nutrition. 
Kennis-, attitude- en gedragsvragen 
met betrekking tot tandzorg en 
voeding. 
What is dental floss used for? Waarvoor wordt "tanddraad" of 
"floss" gebruikt? 
A. The dentist uses it when he 
fills a cavity in your tooth 
B. The orthodontist uses it when 
he straightens your teeth 
with braces 
C. It is a good substitute for a 
toothbrush 
D. It is used to clean the 
spaces between your teeth 
Dat gebruikt de tandarts als 
hij een kies vult 
Dat gebruik je bij een 
beugel 
Dat wordt gebruikt in plaats 
van een tandenborstel 
Om de ruimte tussen je 
tanden schoon te maken 
2. What is the best way to prevent 
cavities? 
2. Wat helpt het beste om minder 
gaatjes te krijgen? 
A. Chew your food well 
B. Bite on hard foods 
С Eat less sugar 
D. See your dentist often 
A. Goed kauwen op je voedsel 
B. Harde dingen kapot bijten 
С Minder vaak suiker eten 
D. Naar de tandarts gaan 
In some countries people put 
fluoride in their drinking 
water. Why do you think they do 
that? 
A. It kills the bacteria in the 
water 
B. It helps prevent tooth decay 
С It makes the water taste 
better 
D. It softens the water 
3. In sommige landen doet men 
fluoride in het drinkwater. 
Waarom denk je dat ze dat doen? 
Α. Het doodt de bacteriën in 
het water 
B. Het helpt tandbederf te 
voorkomen 
C. Het verbetert de smaak in 
het water 
D. Het water wordt zachter 
4. What does fluoride do? 4. Wat doet fluoride? 
A. It kills the bacteria in your 
mouth 
B. It makes the tooth enamel 
harder 
С It prevents gum infection 
D. It causes demineralization 
of the enamel D. 
Het doodt de bacteriën in de 
mond 
Het helpt het tandglazuur 
harder te maken 
Het zorgt er voor dat je 
tandvlees niet ontsteekt 
Het zorgt er voor dat het 
tandglazuur gaat ontkalken 
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5. What does not have any sugar in 
it? 
A. Potato chips 
B. Cola 
С Gum drops 
D. Gingerbread 
6. Another word for tooth decay 
(cavities) is? 
A. Caries 
B. Cataract 
С Pulp 
D. Calculus 
7. What is dental plaque? 
A. It is something that protects 
your teeth 
B. A layer of food particles on 
your teeth 
C. A slimy layer on your teeth 
that contains bacteria 
D. Something which stains your 
teeth yellow 
8. What is the outer layer of the 
teeth called? 
A. The clinical crown 
B. The plaque 
С The enamel 
D. The dentine 
9. What has sugar in it? 
A. Toast (or biscuits) 
B. Brown bread 
С White bread 
D. Liga (baby toast) 
10. What is the best reason for 
taxing a balanced diet? 
A. To prevent pain in your 
stomach 
B. To decrease your appetite 
C. To prevent hunger 
D. To get adequate vitamin 
intake 
5. Waar zit geen suiker in? 
A. Chips 
Β. Cola 
C. Drop 
D. Ontbijtkoek 
6. Een ander woord voor tandbederf 
(gaatjes) is? 
A. Cariës 
B. Cataract 
C. Pulpa 
D. Tandsteen 
7. Wat is tandplak? 
A. Dat zit op je tanden om ze 
te beschermen 
B. Een laagje etensresten op je 
tanden 
C. Een slijmlaag op onze tanden 
waarin bacteriën zitten 
D. Iets op je tanden waardoor 
ze geel worden 
8. Het buitenste laagje van een 
tand of kies heet: 
A. De kroon 
B. De plak 
С Het glazuur 
D. Het tandbeen 
9. Waar zit suiker in? 
A. Beschuit 
B. Bruin brood 
С Wit brood 
D. Liga 
10. Wat is de beste reden om 
gevarieerd te eten? 
A. Voorkomen van buikpijn 
B. Voorkomen van eetlust 
С Voorkomen van honger 
D. Voorkomen van vitaminetekort 
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11. Someone not eating meat is 
called a: 
A. Vegetarian 
B. Gourmet 
С Cannibal 
D. Carnivore 
12. One of these food products comes 
from a plant. Which one? 
A. Cumin cheese 
B. Cottage cheese 
С Liverpaste 
D. Peanut butter 
13. Our food must meet certain 
standards. Who is ultimately 
responsible for monitoring it? 
A. The Food and Drug 
administration 
B. Manufacturers of food 
products 
С Food Quality Laboratories 
D. Storekeepers Association 
14. The correct path food is 
following in your body, is: 
A. Mouth-Intestines-Esophagus-
Stomach 
B. Mouth-Stomach-lntestines-
Esophagus 
C. Mouth-Stomach-Esophagus-
Intestines 
D. Mouth-Esophagus-Stomach-
Intestines 
15. Which of the following is high 
in bulk or fiber? 
A. Apple syrup 
B. Meat 
C. Rye bread 
D. White bread 
11. Iemand die geen vlees eet 
noemen we: 
Α. Een vegetariër 
B. Een gastronoom 
C. Een kannibaal 
D. Een carnivoor 
12. Een van deze voedingsmiddelen 
is plantaardig. Welke? 
A. Komijnekaas 
B. Kwark 
С Leverkaas 
D. Pindakaas 
13. Onze levensmiddelen moeten aan 
bepaalde eisen voldoen. Wie 
moet dat uiteindelijk contro­
leren? 
A. De Inspectie voor verkoop 
van Levensmiddelen 
B. De fabrikanten van 
levensmiddelen 
С De Keuringsdienst van Waren 
D. De winkeliersvereniging 
14. De weg die het voedsel in ons 
lichaam aflegt, loopt in de 
juiste volgorde via: 
A. Mond-darm-slokdarm-maag 
B. Mond-maag-darm-slokdarm 
С Mond-maag-slokdarm-darm 
D. Mond-slokdarm-maag-darm 
15. Een voedingsmiddel dat veel 
voedingsvezel bevat is: 
Ά. Appelstroop 
B. Vlees 
С Roggebrood 
D. Wit brood 
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16. An example of deficiency 
illness is: 
16. Een voorbeeld van gebreksziekte 
is: 
A. Broken leg 
B. Measles 
С Scurvy 
D. Diabetes 
17. The food that contains the 
highest sugar concentration is: 
A. Milk 
B. Peanut butter 
С Vitamine syrup 
D. Carrot 
18. Why does the manufacturer put 
preservatives into jam? 
A. It makes the jam more 
spreadable 
B. It helps preserve the jam 
С It gives the jam a better 
color 
D. It sweetens the jam 
19. Imagine: 
In your class lessons are given 
on dental care. Subject is the 
growth of teeth and how to keep 
them healthy. What would you 
think of this subject? 
A. Amusing, interesting 
B. Nice 
С Boring, tedious 
20. Imagine: 
In your class lessons are given 
on dental care. Subject is the 
growth of teeth and how to keep 
them healthy. What would you 
think of this subject? 
A. Important 
B. A little bit important 
С Unimportant 
A. Gebroken been 
B. Mazelen 
C. Scheurbuik 
D. Suikerziekte 
17. Het voedingsmiddel dat de 
meeste suiker bevat is: 
A. Melk 
B. Pindakaas 
С Roosvicee 
D. Wortel 
18. Waarom doet een fabrikant 
conserveermiddel in de jam? 
A. Om de jam beter smeerbaar te 
maken 
B. Om de jam langer houdbaar te 
maken 
С Om de jam mooier van kleur 
te maken 
D. Om de jam zoeter te maken 
19. Stel je voor: 
Je hebt in de klas een projekt 
over tandzorg. Dat gaat bijv. 
over de groei van je tanden en 
kiezen en hoe je die gezond 
kunt houden. Hoe zou je zo'η 
onderwerp vinden? 
A. Leuk, interessant 
B. Gaat wel, aardig 
С Vervelend, saai 
20. Stel je voor: 
Je hebt in de klas een projekt 
over tandzorg. Dat gaat bijv. 
over de groei van je tanden en 
kiezen en hoe je die gezond 
Joint houden. Hoe zou je zo'η 
onderwerp vinden? 
A. Belangrijk 
B. Een beetje belangrijk 
C. Onbelangrijk 
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21. To have healthy teeth is 
something 
A. I don't care about 
B. I would occasionally work 
hard to achieve 
С I would work hard to obtain 
22. Most sweets contain sugar. 
Eating a lot of sugar or eating 
it frequently cause cavities. Do 
you think of that when you eat 
sweets? 
A. Yes, sometimes 
B. Now and then 
С No, hardly ever 
23. Imagine: 
You have sweets. You want 
somebody to play with you. Would 
you give him (or her) sweets to 
persuade him (or her)? 
A. Yes, I probably would 
B. Maybe 
c. No, probably not 
24. I find the use of fluoride in 
toothpaste or in tablets: 
A. Important 
B. Slightly important 
C. Unimportant 
25. Imagine: 
In your class lessons are given 
on nutrition. Subject is what 
is contained in foods and what 
do commercials say about foods. 
What would you think of such 
subject? 
A. Amusing, interesting 
B. Nicely 
С Boring, tedious 
21. Het hebben van gezonde tanden 
en kiezen is iets ... 
Α. Dat mij weinig kan schelen 
B. Waar ik soms mijn best voor 
doe 
С Waar ik meestal mijn best 
voor doe 
22. In het meeste snoep zit veel 
suiker. Van veel en vaak suiker 
eten kun je gaatjes in je 
tanden krijgen. Denk je daar 
wel eens aan als je snoept? 
A. Ja, vaak wel 
B. Soms wel, soms niet 
С Nee, bijna nooit 
23. Stel je voor: 
Je hebt snoep. Je wilt graag 
dat een vriendje of vriendin­
netje met je meespeelt. Zou je 
snoep geven om hem of haar over 
te halen? 
A. Ja, waarschijnlijk wel 
B. Misschien 
С Nee, waarschijnlijk niet 
24. Het gebruik van fluoride, in de 
tandpasta of in tabletjes, vind 
ik: 
A. Belangrijk 
B. Een beetje belangrijk 
С Onbelangrijk 
25. Stel je voor: 
Je hebt in de klas een projekt 
over Voeding. Het gaat bijv. 
over gezond eten, wat zit er in 
je voeding en de reklame voor 
etenswaren. Hoe zou je zo'n 
onderwerp vinden? 
A. Vervelend, saai 
B. Gaat wel, aardig 
C. Leuk, interessant 
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26. Imagine: 
In your class lessons are given 
on nutrition. The subject is 
what is contained in foods and 
what do commercials say about 
foods. What would you think of 
such a subject? 
A. Unimportant 
B. A little bit important 
C. Important 
27. Assume there is a television 
program on nutrition. For 
example, on preparing dinner, 
eating habits in other 
countries, or proteins and 
vitamins. Would you be 
interested in seeing that 
program? 
A. Usually not 
B. Now and then 
С Mostly yes 
28. Some foods are less healthy when 
eaten very frequently or in 
great excess (e.g. french fries 
or pastries). Do you think of 
that when you eat one of these? 
A. No, hardly ever 
B. Now and then 
С Yes, often 
29. "When a certain brand of sweets 
is advertised intensly, then it 
must be healthy to eat it 
often", says Karin. What do you 
think? 
A. I agree with it 
B. I partly agree with it 
C. I disagree with it 
26. Stel je voor: 
Je hebt in de klas een projekt 
over Voeding. Het gaat bijv. 
over gezond eten, wat zit er in 
je voeding en de reklame voor 
etenswaren. Hoe zou je zo'n 
onderwerp vinden? 
A. Onbelangrijk 
B. Een beetje belangrijk 
C. Belangrijk 
27. Als het in een t.v.-programma 
over voeding gaat; bijv. over 
het klaarmaken van eten, over 
eetgewoonten in andere landen 
of over eiwitten en vitaminen. 
Kijk je daar dan met belang­
stelling naar? 
A. Meestal niet 
B. Soms wel, soms niet 
C. Meestal wel 
28. Er wordt wel eens gezegd dat 
sommige voedingsmiddelen minder 
gezond zijn als je ze veel en 
vaak eet (bijv. patat frites en 
gebakjes). Denk je daar wel 
eens aan als je zoiets eet? 
A. Nee, bijna nooit 
B. Soms wel, soms niet 
С Ja, vaak wel 
29. "Als ze voor iets lekkers veel 
reklame maken, dan is het zeker 
ook gezond om zoiets vaak te 
eten.", zegt Karin. Wat vind 
jij? 
A. Daar ben ik het mee eens 
B. Daar ben ik het een beetje 
mee eens 
C. Daar ben ik het niet mee 
eens 
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30. Suppose there is a television 
program on nutrition. For 
example, on preparing dinner, 
eating habits in other coun­
tries, or proteins and vitamins. 
Would you be interested to look 
at that program? 
A. Usually not 
B. Now and then 
C. Mostly yes 
31. When there is a new salty food, 
or a new type of candy, would 
you buy it out of curiosity? 
A. No, hardly ever 
B. Now and then 
С Yes, often 
32. I usually eat brown bread or 
rye bread. 
A. Yes 
B. NO 
33. I eat fruit or raw vegetables 
every day. 
A. Yes 
B. No 
34. I usually have sweets with me. 
A. Yes 
B. No 
35. On my piece of bread I generally 
have a sweet spread (like jam, 
chocolate sprinkles, chocolate 
spread). 
A. Yes 
B. No 
36. I always use a fluoride-
containing toothpaste. 
A. Yes 
B. No 
30. Als het in een t.v.-programma 
over voeding gaat; bijv. over 
het klaarmaken van eten, over 
eetgewoonten in andere landen 
of over eiwitten en vitaminen. 
Kijk je daar dan met belang­
stelling naar? 
A. Meestal niet 
B. Soms wel, soms niet 
С Meestal wel 
31. Als er een nieuw zoutje is 
bijgekomen, of een nieuw soort 
snoepgoed, zou je het dan kopen 
omdat je nieuwsgierig bent? 
A. Nee, bijna nooit 
B. Soms wel, soms niet 
С Meestal wel 
32. Ik eet meestal bruinbrood of 
volkorenbrood. 
A. Ja 
B. Nee 
33. Ik eet elke dag wel fruit of 
rauwkost. 
A. Ja 
B. Nee 
34. Ik heb meestal wel snoep bij 
me. 
A. Ja 
B. Nee 
35. Als ik brood eet dan doe ik 
daar meestal zoet beleg op 
(bijvoorbeeld jam,hagelslag, 
chocoladepasta). 
A. Ja 
B. Nee 
36. Ik gebruik altijd tandpasta 
met fluoride. 
A. Ja 
B. Nee 
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37. I have used my toothbrush 
longer than half a year. 
A. Yes 
B. No 
38. I usually brush my teeth 
immediately after breakfast. 
A. Yes 
B. No 
39. I usually brush my teeth 
immediately after lunch. 
A. Yes 
B. No 
40. I usually brush my teeth 
immediately after dinner. 
A. Yes 
B. No 
41. I always brush my teeth 
immediately before I go to bed. 
A. Yes 
B. No 
42. After brushing my teeth at night 
I do not eat or drink. 
A. Yes 
B. No 
43. I take my fluoride tablets every 
day. 
A. Yes 
B. No 
44. I usually read what is written 
on the label of food products in 
order to learn about the 
contents. 
A. Yes 
B. No 
37. Ik doe met mijn tandenborstel 
langer dan een half jaar. 
A. Ja 
Β. Nee 
38. Ik poets direkt na het ontbijt 
meestal mijn tanden. 
A. Ja 
B. Nee 
39. Ik poets direkt na het middag­
eten meestal mijn tanden. 
A. Ja 
B. Nee 
40. Ik poets direkt na het avond­
eten meestal mijn tanden. 
A. Ja 
B. Nee 
41. Direkt voor het slapen gaan 
poets ik altijd mijn tanden. 
A. Ja 
B. Nee 
42. Als ik 's avonds mijn tanden 
heb gepoetst, dan eet of drink 
ik daarna niets meer. 
A. Ja 
B. Nee 
43. Ik neem elke dag fluoride­
tabletjes in. 
A. Ja 
B. Nee 
44. Ik lees regelmatig op de ver­
pakking van voedingsmiddelen 
wat er inzit. 
A. Ja 
B. Nee 
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45. When you have an in between meal snack, what do you eat? 
a. 
b. 
с 
d. 
e. 
f. 
q. 
h. 
i. 
j . 
k. 
1. 
m. 
n. 
0. 
p. 
q· 
45 
cake or biscuit 
chocolate bar 
banana 
chips or salties 
orange 
sandwich with a sweet filling 
cheese sandwich 
meat sandwich 
sandwich with something else 
apple or pear 
candybar 
carrot, tomato or rhubarb 
sugarfree chewing gum 
chewing gum with sugar 
sweets like gumdrops, mints, 
lollypop or icecream 
french fries, hamburger 
minced-meat-ball and similar 
something else, fill in 
.Als je tussen de maaltijden door 
never 
trek hebt, wat 
nooit 
some­
times 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
eet je 
soms 
not so 
often 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
dan? 
niet zo 
vaak 
usu­
ally 
meestal 
a. een koekje of stuk koek 
b. een reek chocola 
с een banaan 
d. een zakje chips of andere 
zoutjes (ook pinda's) 
e. een sinaasappel of mandarijn 
f. een boterham met zoet beleg 
g. een boterham met kaas 
h. een boterham met vleeswaren 
i. een boterham met iets anders 
erop dan zoet kaas of vleeswaren 
j. een appel of een peer 
k. een Mars, Nuts, Snickers, Treets, 
Bounty, of iets dergelijks 
1. een wortel, tomaat of stuk rabarber 
m. kauwgum zonder suiker erin 
n. kauwgum met suiker 
o. snoep zoals: drop, pepermunt, lollies, 
snoepjes, (zuurtjes en toffees) of een 
ijsje 
p. iets van de snackbar: een zak patat, 
een kroket, een frikandel of zoiets 
dergelijks 
q. iets anders, namelijk (zelf iets 
invullen dat je veel eet) 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
46.What do you drink between meals when you are thirsty? 
never some- not so usu-
times often ally 
a. orangeade ] 
b. orange juice 
c. grape juice 
d. apple juice ] 
e. tomato juice ] 
f. a mixture ] 
g. lemonade ] 
h. Shandy (nearbeer) ] 
i. cola, or other sweet beverage ] 
J. glass of water ] 
k. soup ] 
1. fat milk ] 
m. skin milk : 
n. buttermilk ] 
o. yoghurtdrink J 
p. chocolate milk ] 
q. yoghurt ] 
r. yoghurt with sugar ] 
s. tea ] 
t. coffee ] 
u. beer or wine ] 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
2 
2 
2 
3 
3 
3 
3 
46.Als je tussen de maaltijden door dorst hebt? Wat drink je dan? 
nooit soms niet zo meestal 
vaak 
a. 
b. 
с 
d. 
e. 
f. 
g· 
h. 
i. 
j· 
k. 
1. 
m. 
n. 
0. 
P· 
q· 
r. 
s. 
t. 
u. 
V. 
Roosvicee verdund met water 
sinaasappelsap ] 
druivensap ] 
appelsap 
tomatensap ] 
gemengd/anders 
limonade (aanmaak) ] 
Shandy ] 
prik (cola, seven-up, fanta of ] 
andere frisdranken met prik) 
een glas water J 
soep ] 
volle melk ] 
half volle melk ] 
karnemelk ] 
yoghurtdrank ] 
chocolademelk ] 
yoghurt ] 
limonade (aanmaak) ] 
yoghurt met suiker ] 
thee ] 
koffie ] 
bier of wijn ] 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
L 2 
130 
47. If you drink coffee, tea or cho­
colate milk do you add sugar? 
A. Never 
B. Sometimes 
С Not so often 
D. Usually 
48. How often do you brush your 
teeth? Think hard and then give 
the answer which best reflects 
your habits. 
A. Once a day 
B. Twice a day 
С Two or three times a day 
D. Never 
E. Once a week 
F. Two or three times a week 
G. Four five or six times a week 
49. How often each day do you 
usually eat a sweet snack? 
(Everything in between meals 
which contains sugar is a sweet 
snack. For instance, candybar, 
lollypops, gumdrops etc.). 
A. Never 
B. Less than once a day 
С Once a day 
D. Two or three times a day 
E. Four, five or six times a 
day 
F. Seven times a day or more 
50. Do your think you are doing 
more or less to keep your teeth 
healthy compared to other 
children your age? 
A. A lot more 
B. A little bit more 
С The same 
D. A little bit less 
E. A lot less 
47. Als je koffie, thee of chocola­
demelk drinkt, doe je daar dan 
suiker in? 
A. Nooit 
B. Soms 
С Niet zo vaak 
D. Meestal 
48. Hoe vaak poets je je tanden? 
Denk even goed na en probeer 
dan een antwoord aan te kruisen 
dat jouw gewoonte het best 
weergeeft. 
A. 1 maal per dag 
B. 2 maal per dag 
С 2 of 3 maal per dag 
D. Nooit 
E. 1 maal per week 
F. 2 of 3 maal per week 
G. 4, 5 of 6 maal per week 
49. Hoe vaak snoep je gewoonlijk 
per dag? Snoepen wil zeggen, 
dingen tussen de maaltijden 
door eten, waar suiker in zit. 
Bijvoorbeeid: snoepjes, 
lollies, drop, pepermunt, 
chocolade, Mars, Nuts, enz. 
A. Nooit 
B. Minder dan 1 maal per dag 
С 1 maal per dag 
D. 2 of 3 maal per dag 
E. 4, 5 of 6 maal per dag 
F. 7 maal per dag of meer 
50. Denk je dat je, vergeleken met 
andere kinderen van jouw leef­
tijd meer of minder voor de 
gezondheid van je tanden doet? 
A. Veel meer 
B. Iets meer 
С Even veel 
D. Iets minder 
E. Veel minder 
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STELLINGEN 
1 Een lofwaardig doel, zoals gezondheidseducatie op school, moet men 
blijven nastreven ook al is een gunstig effect voorshands niet duidelijk 
aan te tonen 
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artsen dat dit thans veelvoorkomende verschijnsel nog niet tot iedereen 
is doorgedrongen 
8 Wanneer het afschaffen van stellingen bij proefschriften er toe leidt dat 
het leesaccent verlegd wordt van de eersten naar de laatsten, dan kan 
deze op handen zijnde wijziging in het promotiereglement als zinvol 
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10 De vele huis-aan-huisbladen, reclamefolders en dergelijke, die dagelijks 
ongevraagd door de brievenbus geschoven worden belasten, naast de 
krantenjongen en de postbode, het milieu in hoge mate De verspreiding 
hiervan dient dan ook zo spoedig mogelijk aan banden te worden gelegd 
11 Om het principe de vervuiler betaalt van toepassing te doen zijn op 
het milieuprobleem veroorzaakt door lozing op het riool van bijvoor­
beeld ontwikkelaar en fixeer door tandartsen, verdient het aanbeveling 
om als eerste maatregel een waterdicht controlesysteem te ontwikkelen 
12 Het aantal caricuze aantastingen bij kinderen lijkt soms rechtevenredig 
te zijn met het aantal grootouders dat zij rijk zijn en omgekeerd even­
redig met de afstand waarop deze wonen 
13 Wat de meeste mensen beter kunnen dan anderen, is het lezen van hun 
eigen handschrift 
14 Het verschil in aantrekkingskracht tussen de banaan en de sinaasappel 
zit m m de schil 
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